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S E C T I O N  1 
INTRODUCTION
During re c e n t y e a rs  th e  b io lo g ic a l  and chem ical compo­
s i t i o n  o f sand-dunes has been th e  su b je c t o f f a i r l y  exten­
s iv e  in v e s tig a tio n s#  The c o n tr ib u tio n  to  th e  Tcnowledge o f 
th e  m icro-organism s in  th a t  e c o lo g ic a l n ich e  i s  m ainly based 
upon th e  voxk o f Moreau (1941, 1942), Vebley, Eastwood & 
Gimingham (1952), Brown (1956)# N icolson (1959, I9 6 0 ),
Pugh ( 1962) ,  Pugh, Blakesman, M organ-Jones and Eggins ( I 963) 
and Hassouna and Wareing ( I 965)* That th e  a rra y  o f low er 
fu n g i in  sand-dunes i s  v e iy  wide was shown by Moreau
( 1941, 42) ,  Pugh ( 1962) and Pugh e t  a l  ( 1963) . S o il  fu n g i 
o f  some B r i t i s h  sand-dunes in  r e la t io n  to  s o i l  ty p e  and 
c o lo n is a t io n  by h ig h e r  p la n ts  have been s tu d ie d  by Vebley 
e t  a l  ( 1952) and Brown (1956)# Hassouna and V areing 
( 1965) c o n tr ib u te d  by d isc u s s in g  th e  p o s s ib le  r o le  o f r h is o -  
sp h ere  b a c te r ia  in  th e  n u t r i t i o n  o f Jbnmophila a r e n a r ia  L# 
w hile  N icolson*8 (1959,60) c o n tr ib u tio n  was a stu d y  o f th e  
v e s ic u la r -a rb u s o u la r  ty p e  o f m ycorrhiza in  g ra s se s  confined  
to  t h i s  a rea .
Dobbs and Gash ( I 965) have re p o rte d  th e  p resen ce  o f 
m ic ro b ia l and r e s id u a l  m ycostasis  in  s o i l s  w ith  low n u t r ie n t  
oonte n t  e #g# sand-dunes# The n u t r ie n t  s t a tu s  o f  th e  
dunes has been in v e s t ig a te d  by Vebley e t  a l  (1952), V i l l i s  
and Temm ( I 96I )  and O liv e r  ( I 967) and i t s  e f f e c t s  on th e  
v e g e ta tio n  by V i l l i s  (1963, I 965)* The r e s u l t s  o f  th e s e
s tu d ie s  have been f a i r l y  c o n s is te n t  and can be b r i e f ly  
summarised as fo llo w s 1— some o f th e  dunes a re  a c id ic  
w hile  o th e rs  a re  a lk a l in e .  On th e  whole, th e  m ineral 
co n ten t i s  vexy low except f o r  sodium, ca rb o n a tes  and 
ch lo rid es#  T h is  h ig h e r  co n ten t i s  to  be expected s in c e
2
th e  a re a  reo o iv ee  sea  sp ray s  which c o n ta in  a p p ré c ia b le  
q u a n t i t ie s  o f  th e s e  ions#  P o tassium , n itro g e n  and 
phosphorus have been re p o r te d  to  be ex trem ely  low in  q u a n ti ty  
in  th e  b a re  sand  a s  w e ll a s  in  th e  co lo n ized  a re a s  o f  th e  
fo re  dunes#
A lth o u ^  f x u i t  b o d ie s  o f  th e  h ig h e r  fu n g i have been 
observed on th e  sand-dunes s in c e  th e  l a s t  c e n tu ry , very  
l i t t l e  i s  known about t h e i r  n u tr i t io n #  The purpose o f  t h i s  
e x e rc is e  i s ,  th e r e f o r e ,  an  a ttem p t to  f in d  out w hether th e re  
i s  a  n u t r i t i o n a l  r e la t io n s h ip  e x i s t in g  between th e  h ig h e r  
fu n g i and th e  g rasses#  C e r ta in ly ,  th ey  show s p e c ia l iz a t io n  
by growing on ly  on th e  dunes where p a r t i c u l a r  g ra sse s  
p redom inate , and  th e  r e g u la r i ty  w ith  which th ey  f r u i t  each 
y e a r  su g g ests  th a t  th e re  i s  a  l in k  between th e s e  two groups 
o f  p la n ts#
T his work was c a r r ie d  ou t on th e  fo re  dunes (betw een 20 
and 40 f e e t  above h i ^  w a te r mark) a t  th e  N ature R eserve in  
T entsm uir, F i f e  (P la te  1 , G rid re f#  56/5026 06 map o f  G reat 
B r ita in )#  In  t h i s  r e g io n , c o a s ta l  a c c re t io n  i s  p roceed ing  
mere ra p id ly  th a n  in  a lm ost any o th e r  p a r t  o f  B r ita in #  T his 
ra p id  f i n i n g  o f  ground from th e  sea  a f fo rd s  ex c ep tio n a l 
o p p o r tu n it ie s  f o r  th e  s tu d y  o f  th e  c o lo n iz a tio n  by h ig h e r  
p la n ts  and fungi# The th r e e  dominant sp e c ie s  o f  h i ^ e r  
p la n ts  which co lo n ize  th e  dunes a r e  Agropvron .hinceifoxM  
A. & D, Leva, L. and  Aamophlla a r e n a r ia  L . .
A. junceifoCT^e i s  more abundant and A# a r e n a r ia  l e s s  
abundant tow ards th e  h i ^  w ater mark# The re v e rse  i s  t r u e  
a s  th e  dune becomes more fixed# B. a re n a r iu s  occup ies an  
in te rm ed ia te  p o s itio n #
The f r u i t  bod ies o f  th re e  A garics and one Discomyoete 
occur in  h ig h  frequency  on th e  dunes among th e  g ra sse s  
(P la te s  2—5 )# There i s  a  good d e a l o f  con fusion  concern ing
PLATE 1
An a e r i a l  view o f  th e  sand -  dunes a t  T entsm uir. 
The a re a  where th e  in v e s t ig a t io n  was c a r r ie d  ou t 
i s  o u tl in e d .
m m m
I # •  '
■ti
3th e  nom enclature o f  th e s e  fung i b u t a f t e r  r e f e r r in g  
to  Saccardo (1888 and 1889), Lange (1936-40), N etrod (1941# 
1942) ,  A ndersson ( l9 5 0 ) ,  Dennis ( 196O), Orton ( 196O), D ennis, 
Orton and Hora ( 196O), S in g e r  (1962) and W atling (p e rso n a l 
communication) th e  fo llo w in g  names have been a s c r ib e d  to  th e  
r e g u la r ly  o c c u rr in g  sand-dune fU ngi, ( i )  Conocvbe d u n en sis .  
W allace 196O#
( i i )  M elanoleuca grammooodia (F r ie s  ex B u ll ia rd )  Pat# I 9OO# 
Many acco u n ts  o f  sand-dune fung i in c lu d in g  th a t  o f  W allace 
( 1954) ,  r e f e r  to  t h i s  fungus a s  Trioholom a melaleuoum (Pers* 
ex Fr# 1921) Bummer I 87I ,  b u t th e  am yloid  w arts  o f  th e  sp o res  
and harpoon-shaped q y s t id ia  keep i t  in  th e  genus M elanoleaca 
(O rton , i 960 and  S in g e r , I 962)*
( i i i )  P s a th v re l la  ammoohila (D urieu e t  L e v il la )  Orton I 96O# 
T his fungus has p re v io u s ly  been reco rd ed , f o r  example, by 
A ndersson ( l9 5 0 )  and W allace (1934) &Q an o b lig a te  sand-dune 
fungus u n d er th e  name o f  Psilocarbe ammouhila (D urieu e t  
L e v i l le ,  I 868) O i l le t  1874# b u t because o f  i t s  d i s t i n c t  
c e l l u l a r  e p ic u t i s  i t  has been given th e  newly combined name 
by Orton ( I 96O)#
( iv )  P ea iaa  ammoohila (D urieu  e t  Montagne) Cooke# This 
Discomyoete has been c a l le d  Qeopyxis amroophila in  many papers 
which d ea l w ith  sand-dune fung i e#g# W allace (1954) because 
o f  i t s  s ta lk v l ik e  b ase  b u t th e  io d in e  re a c t io n  o f  th e  a s c i
i s  a  more im portan t d ia g n o s tic  f e a tu re  (D ennis, 1960)#
The c o n d itio n s  o f  th e  m obile dunes seem a t  f i r s t  s i ^ t  
to  be most un fav o u rab le  f o r  th e  n u t r i t i o n ,  growth and 
f r u i t i n g  o f  th e  la rg e r  fungi#  W allace (1954) re p o rte d  th a t  
th e  m ycelia o f  th e se  fu n g i grow in  c lo se  a s s o c ia t io n  w ith  
th e  m a te r ia l from which th ^ y  ge t t h e i r  nourishm ent# He 
s ta te d  th a t  " th e y  grow among decaying  p la n t rem ains, in  th e
PLATE 2
C. dunensis growing in  a s s o c ia tio n  w ith  
A. junceifo rm e and E. a re n a riu s  on the sand- 
dune in  Tentsmuir*
PLATE 3
M* grammopodia growing c lo se  to  a t u f t  o f  
A. a re n a r ia  -  hence th e  d is to r te d  f r u i t  body.
m À
m m m m
■^r-
a #




F s a th y re l la  ammophila and E, a re n a r iu s  on the  fo re  
dune in  Tentsmuir*
PLATE 5
P ez iza  ammophila and E. a r e n a r iu s *
-saikN^
K##m
humus la y e r  underground, in  dead wood, in  dung o r in  ^
m yoorrh isal p a r tn e rs h ip  w ith  th e  l iv in g  ro o ts  o f  th e  h ig h e r  
p la n ts " .  These o b se rv a tio n s  a re  very  g e n e ra liz e d  and th e  
c u r re n t in v e s t ig a t io n  was designed  to  f in d  out i f  th e  fu n g i 
were in  f a c t  more s p e c i f ic  in  t h e i r  n u t r i t i o n a l  req u irem en ts .
The woric com prised th e  i s o la t io n  o f th e  fu n g i in  c u l tu re ,  
a  s tudy  o f some o f t h e i r  growth req u irem en ts , and t h e i r  
a b i l i t y  to  produce e x t r a c e l lu la r  enzymes which would make 
them su c c e s s fu l co m p etito rs  in  th e  f i e l d .  An attem pt has 
a lso  been made to  g e t them to  form s y n th e t ic  m ycorrhiza 
and c o n s id e ra tio n  has been g iven  to  th e  d if fe re n c e s  
between c u l tu r a l  c o n d itio n s  and th e  n a tu ra l  environm ent o f 
th e  fu n g i and th e  g ra s s e s .
S E C T I O N  2 
MATERIALS AND METHODS
2a M a te r ia ls
A ll th e  m a te r ia ls  used  in  t h i s  in v e s t ig a t io n  were 
c o l le c te d  from th e  fo redunes o f  th e  N ature R eserve a t  
T entsm uir in  F ife*
The caryopses o f  th e  g ra s se s  A* a re n a r ia .
A. junceiform e and E, a re n a r iu s  were chosen in  
November, 1966 when th ey  appeared to  be d ry . In  th e  
la b o ra to ry  th ey  were husked and s to re d  in  c lo sed  b o t t l e s  
a t  room tem p era tu re  u n t i l  re q u ire d .
F or th e  experim ents r e q u ir in g  ro o t e x t r a c ts ,  th e  
ro o ts  were c o l le c te d  in  August, 196? and th o se  re q u ire d  
f o r  i s o la t io n  o f fu n g i were c o l le c te d  in  September,
1966 and May, 1967#
In  th e  experim ents $a and 5d where sand was used , 
i t  was tak en  from a  dep th  o f 6-12  inches from about 12 
a rea s  a t  random where th e  g ra s se s  and fu n g i f lo u r is h e d , 
and th en  th o ro u g h ly  mixed b e fo re  use*
The f r u i t  bod ies o f  th e  fu n g i C. dunensis*
M. grammopodia* F s a th y re l la  ammophila and P e s is a  
ammophila were c o l le c te d  a t  o r  n e a r  th e  beg inn ing  o f 
th e  i r  growing seasons (T ab le  l )  and i s o la t io n s  made as 
d e sc rib ed  in  S ec tio n  2b (lv j*
Table 1
F ru itin g  Season
Fungus 1966 1967
P sa th y rella  ammophila 1st wk Aug.- 
4th wk Nov.
2nd wk Ju ly -  
3rd wk Nov.
P eziza  ammophila 1 st wk Aug.- 
4th wk Nov.
2nd wk Ju ly -  
3rd wk Nov.
M. grammopodia 2nd wk Aug.- 1 st wk Dec. 3rd wk S e p t.-  1 st wk Dec.
C. dunensis 1 st wk S e p t.-  1 st wk Dec.
3rd wk S e p t.-  
1 st wk Dec.
Unless otherw ise s ta te d  the reagents were supplied  by 
B r it ish  Drug House and were o f Analar grade.
2b General Methods
( i )  S te r i l is a t io n
(a) Glassware
P e tr i p la te s  were s t e r i l i z e d  w ith dry heat at 180°0 
fo r  two hours* Unless otherw ise s ta te d , the Brlenmeyer 
f la sk s  were acid  washed, rinsed  in  d i s t i l l e d  water, 
plugged w ith ncn-absorbent cotton  wool and s t e r i l iz e d  by 
aut00lav in g  at I 3 lb s . pressure per square inch fo r  
f i f t e e n  minutes.
(b) Culture media
A ll th e cu ltu re media used were s t e r i l iz e d  by 
autoclaving at I 5 lb s . pressure per square inch fo r  f i f ­
teen  m inutes, except th e n itrogen  sou rces. The n itrogen  
compounds were d isso lv ed  in d i s t i l l e d  water and steam 
s t e r i l iz e d  fo r  h a lf  an hour on each o f three su ccess iv e  
days. When g lu cose was one o f the co n stitu en ts  o f  any 
o f th e media, i t  was s t e r i l i z e d  sep a ra te ly .
(o ) Caryopses
A fte r  th e  caryopses were husked by hand, th#y  were 
soaked in  w ater f o r  1-2 hours and a l l  t r a c e s  of lemma 
and p a le a  were removed w ith  a p a i r  o f fo rcep s  an d /o r a  
s c a lp e l .  T h is was to  allow  th e  d is in f e c ta n t  to  reach  
th e  e n t i r e  su r fa c e  o f th e  g ra in s .  Care was taken  not 
to  damage th e  embiyos du rin g  th e  o p e ra tio n .
The caryopses were then  soaked o v ern ig h t in  s t e r i ­
l iz e d  0 .1 ^  d ifc o  ag a r in  d i s t i l l e d  w ate r which ac ted  as 
a w e ttin g  agent (C h e s te rs , p e rso n a l communication 1)66) 
and then  s u r fa c e  s t e r i l i z e d  by soak ing  in  a s a tu ra te d  
s o lu t io n  o f sodium h y p o c h lo rite  which co n ta in ed  10-14J^ 
w eight/volum e a v a ila b le  c h lo r in e  f o r  f i f t e e n  minutes# 
T his tre a tm e n t proved too  d r a s t i c  f o r  B. a re n a r iu s  and 
A. junceiform e r e s u l t in g  in  very  poor g e rm in a tio n . The 
sodium h y p o c h lo rite  warn th en  d i lu te d  to  $0^ and 10%.
The caryopses were again soaked fo r  f i f t e e n  minutes and 
then washed in s ix  changes o f s t e r i l i z e d  d i s t i l l e d  
water to  remove a l l  tra ces  o f the s t e r i l i z in g  agent.
(d) F r u c tif ic a t io n  fo r  I s c la t io n
Small p o r tio n s  o f g i l l s  o f  young b a s id io c a rp s  o f 
C. d u n en sis . M. grammopodia and F s a th y re l la  ammophila 
and s e c tio n s  o f th e  hymenium o f th e  $pothecium of 
P ez iza  ammmphii* w srs a s s p t ic a l ly  ex c ised  and su rfa c e  
s t e r i l i z e d  w ith  yjc sodium h y p o c h lo rite  f o r  one m inute. 
The r e s u l t s  were s im ila r  when 1.5% sodium h y p o ch lo rite  
was used f o r  f i f t e e n  minutes#
(e )  Roots f o r  I s o la t io n
When ro o ts  c o l le c te d  from T entsm uir were seen by 
m icroscopic exam ination to  be a s s o c ia te d  w ith  
B asid io q y ce tes , th ey  were cu t in  p ie c e s  $mm long , 
su r fa c e  s t e r i l i z e d  w ith  5% sodium h y p o c h lo rite  f o r
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f i f t e e n  m inutes and th en  washed in  s ix  changes o f 
s t e r i l i s e d  d i s t i l l e d  w ate r.
( f ) Earthenw are P o ts  and Sand 
The new 5" earthenw are f lo w er p o ts  which were used in  
th e  experim ent to  be d e sc rib ed  in  S ec tio n  5a, were 
covered w ith  aluminium f o i l  to  p rev en t them from being  
flooded  du rin g  s t e r i l i z a t i o n .  They were then  s t e r i l i z e d  
by au to c la v in g  a t  15 lb s .  p re s su re  p e r  sq u are  inch  f o r  
th r e e  h o u rs .
The s o i l  used in  S e r ie s  1 o f  th e  same experim ent 
was sand which was c o l le c te d  from T entsm uir (See th e  
s e c tio n  on M a te r ia ls ) .  I t  was p assed  through a 2mm 
mesh s ie v e  and mixed w ith  v e rm ic u lite  in  th e  r a t i o  o f 
th r e e  p a r ts  sand to  one p a r t  v e rm ic u li te  and th en  a u to -  
c laved  a t  15 lb s .  p re s s u re  f o r  fo u r  h o u rs . In  a d d itio n  
to  au to c la v in g , McArdle (1932) h ea ted  h is  sand a t  105*0 
f o r  s ix  h o u rs . I t  was found th a t  fo u r  hours in  th e  
au to c lav e  was s u f f i c ie n t  to  k i l l  a l l  m icro-organism s and 
so h e a tin g  in  th e  oven was o m itted .
The method o f  s t e r i l i z a t i o n  used  f o r  S e r ie s  2 o f  th e  
same experim ent was d i f f e r e n t .  m  t h i s  c a se , th e  sand 
was no t s ie v e d  and no v e rm ic u li te  was added. The p la n t 
p a r t s  found n a tu r a l ly  in  th e  sand were in c o rp o ra te d  
a f t e r  be in g  cu t in  sm all p ie c e s . The sand was then  
steam  s t e r i l i z e d  f o r  one hour on each o f th r e e  su c cess iv e  
days# I t  was found th a t  h a l f  an hour was inadequate  
as fu n g i and b a c te r ia  grew from th e  sand and d e b r is  when 
p la te d  on m alt e x tra c t  ag a r.
2b ( i i )  Examination o f Roots f o r  In fe c t io n  
Roots from p la n ts  in  T entsm uir 
In Septem ber, I 966 and May, 19&7 th e  underground 
p a r ts  o f  A# a re n a r ia .  A* junceiform e and B> a re n a riu s  
were c o l le c te d  from T entsm uir. H oles, about 12 inches 
deep, were made in  th e  foredune and th e  p la n ts  w ith  as 
much o f t h e i r  ro o t system  as p o s s ib le ,  were removed and 
taken  to  th e  la b o ra to ry . The excess sand was removed 
by washing and th e  ro o ts  which occupied th e  to p  s ix  
inches in  th e  sand on th e  dunes were cu t o f f ,  washed, 
p laced  in  d i s t i l l e d  w ate r and a e ra te d  w h ile  aw aitin g  
exam ination . These and subsequent s te p s  were hasten ed  
to  p rev en t changes in  th e  c e l l s  e .g . a trophy .
F ree-hand lo n g itu d in a l  s e c tio n s  were made and 
s ta in e d  w ith  co tto n  b lu e  in  la c to p h e n o l and examined 
m ic ro sc o p ic a lly  in  la c to p h e n o l. Between th re e  and s ix  
s e c tio n s  were made from each ro o t accord ing  to  th e  
l e  n g th  o f th e  p a r t i c u l a r  ro o t .  The p resen ce  o f 
B asidiom ycetes was reco rded  when hyphae w ith  clamp- 
connections were observed on o r  w ith in  th e  ro o ts .
Roots o f  p la n ts  grown in  th e  greenhouse 
These p la n ts  were c a re fu l ly  removed from th e  p o ts  
and g e n t le  shak ing  removed th e  bu lk  o f th e  sand. The 
ro o t system s were th en  detached  from th e  a e r i a l  p a r ts  
and washed g e n tly  to  remove as much o f th e  sand as 
p o s s ib le  w ithou t removing e c to tro p h ic  mycelium, i f  
p re s e n t.  The prim ary  r c o ts  were c a re fu l ly  se p a ra te d  
from one an o th e r f o r  exam ination p u rp o ses.
The in d iv id u a l ro o ts  were examined under a 
b in o c u la r  m icroscope (X 10) b u t, except in  th e  case  o f 
E l .  no in fe c t io n  was observed a t  t h i s  m a g n ifica tio n .
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T angential lo n g itu d in a l seo tion a  were made by 
handy sta in ed  with cotton  blue in lactophenol and ex­
amined in  lactophenol at X 100 and X 400 m agnification s. 
An average o f f iv e  se c t io n s  were made from th e f i r s t  lOom 
o f th e roots when a l l  th a t was required was to  e s ta b lish  
th e presence or abswice o f th e fungus. When in fe c tio n  
was observed in  roots from one p la n t, the extent o f  
in fe c tio n  was stu d ied  on two o f th ose  roots chosen at 
random. The roots were very long, reaching a length  o f  
ju st over 200cm. They were cut in  10cm len gth s and one 
se c tio n  made from each length  u n t i l  th e  fungus ceased to  
be p resent.
I f  th e fungus was observed in and/or on th e roo ts, 
the in fe c ted  p arts were f ix e d  in fo rm a lin -a cetic  a c id -  
alcohol f ix a t iv e  and embedded in  Parowax fo llow in g  
Johanssen*s technique (Johansset^ 1940). Transverse 
and lo n g itu d in a l se c t io n s  were cut 10-1$ y. in thickness#  
Cotton b lue in  lactophenol was used, as t h is  s ta in  
proved su perior to  magdala red and l ig h t  green | magdala 
red and fa s t  green | p icro  a n ilin e  b lue; sa ffran in  and 
fa s t  green. These se c t io n s  were used fo r  more d eta iled  
study and fo r  photography.
2b ( i i i )  Fungal I so la tio n s  from Roots
I so la tio n s  were attempted w ith in  36 hours o f 
removing th e roots from th e sand. The roots were 
surface s t e r i l iz e d  as shown in th e  S ection  2 b ( i ) ( e )  
in  Methods.
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Longitudinal aaotiona o f th e oortez were then made 
w ith a eurfaoe s t e r i l i s e d  blade and 4-5  o f them were put 
in  each p e tr i  p la te  and g en tly  pushed in to  the is o la t io n  
medium# The se c tio n s  ranged from l-3mm in length*
Two d iffe r e n t  media were used:»
(a) M artin's medium (Johnson et a l ,  I 96O)
Agar 20 .0  grams
Potassium dihydrogenphosphate 1*0 "
MgS04#7H20 0 .5  «
Peptone 5*0 •*
Dextrose 10 .0  **
D is t i l le d  water 1000 Ml
Rose bengal 35 mgStreptoqyoin 30 " (D ista  Product Ltd.
Liverpool)
The rose bengal was d isso lv ed  in  d i s t i l l e d  water and 
added to  the medium before s t e r i l i s a t io n .  The strep to»  
myoln was made up in  20% aloohol and added to  th e medium 
a f te r  s t e r i l i s a t io n .
(b) Malt extract agar ♦ d extrose (Raper & Thom,
1949)
Agar 25#0 grams (D ifoo bacto agar)
Malt extract 20 .0  ** (Boots)
D extrose 20.0  **
Peptone 1 .0  "
D is t i l le d
water 1000 ml
The p la te s  were incubated at 23^0 and examined daily#
When th e se c t io n s  were contaminated by b a cter ia , 
t h ^  were washed in  streptosQroin (3p  mg/lOOO ml) and 
re -p la ted  on new media. Sometimes t h is  had to  be 
repeated two or three tim es before b a cter ia  were 
com pletely elim inated . On many occasion s th is  
re su lted  in the death o f  th e  emerging hyphae. D aily  
m icroscopic observations enabled th e  Basidiom ycetes to  
be iso la te d  from other fun gi by subculturing.
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2b ( iv )  Fungal I s o la t io n  from F ru c t i f ic a t io n *
C. dunansi s  was i s o la te d  in  November, 19^5 w hile  
M. grammopodia. P sa th a rre lla  ammophila and P e s is a  
ammophila were is o la te d  in  August, 1966.
The f r u it  bodies were removed c a r e fu lly  from the  
sand-dunes and placed in  s t e r i l i s e d  con ta in ers. They 
were taken to  th e  laboratory where is o la t io n s  were made 
w ithin  tw elve hours. The b est r e s u lts  were obtained  
when is o la t io n s  were made before a tim e lap se  o f two 
hours.
In a l l  cases i t  was found th a t i s o la  t io n s  were more 
su cc essfu l when attempted early  in  th e growing season.
I t  would appear th at as th e  growing season progressed th e  
number o f Phycomycetes and B acteria  which grew from the  
inocu lan ts increased  and th e slow growing Basidiom ycetes 
were quickly overgrown by th e contaminantSë
With th e exception o f M. grammopodia. the p i l e i  
are vexy th in  and g i l l s  were used fo r  is o la t io n .  
Unoontaminated growth was p r a c t ic a lly  im possib le without 
su rface s t e r i l i s a t io n  and when s t e r i l iz a t io n  was enough 
to  prevent growth o f th e  contaminants, th e  inoculants  
a lso  f a i le d  to  grow. The same applied  to  the hymenium 
o f P es isa  ammophila.
The inocu lants were s t e r i l i s e d  as shown p reviou sly  
under " S ter iliza tio n " . By means o f a s t e r i l iz e d  loop , 
thqy were tran sferred  from the s t e r i l i z in g  agent to  
p e tr i  p la te s  contain ing malt ex tract agar. This iso ­
la t io n  medium had th e fo llow in g  constituents#^
Malt extract 37 gramsD ifco agar 20 "
D is t i l le d  water 1000 ml
I t  was s t e r i l i z e d  by th e  technique shown under 
"St e r i l i z a t io n ".
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The p la te s  were in cu b a ted  a t  23^0 and were examined 
p e r io d ic a lly #  Growth was observed a f t e r  about one week 
and su b c u ltu re s  were made t h w ,  o r  as soon as th e  hyphae 
had grown 2»3mm, depending on th e  p resen ce  o r  absence 
c f  con tam inan ts.
m  cases  o f  P e s is a  ammophila. th e  sp o res  germ inated  
in  2 -3  days and su b c u ltu re s  were made on th e  4 th  o r  3^^ 
day.
2b (v ) Growth o f S eed lings
The caryopses were c o l le c te d  in  November, 1966 and 
germ inated  between January  and A p ril, I 967#
S eed lings were o b ta in ed  under two d i f f e r e n t  condi­
t io n s .  Those which were used in  th e  in o c u la tio n  ex p eri­
ment to  be d e sc rib ed  in  S ec tio n  3a, were grown on f i l t e r  
p ap e r in  c r y s t a l l i s i n g  d ish e s , w h ile  th o se  used in  
Experiment 3& -  p ro d u c tio n  o f ro o t exudates and t h e i r  
e f f e c t  on th e  growth o f  i s o l a te s  -  were grown in  
s t e r i l i s e d  sand in  one l i t r e  b ea k ers .
Four 9om Whatman No. 4 f i l t e r  p apers were to m  in  
sm all p ie c e s  and p laced  in  each c r y s t a l l i z in g  d ish .
T h ir ty  ml d i s t i l l e d  w ate r were added and two whole 9om  
f i l t e r  p ap er d is c s  were pu t on to p  o f th e  to m  ones.
T h is was to  in c re a se  th e  amount o f w ate r in  th e  d ish es 
w ithou t th e  r i s k  o f  drowning th e  "seeds* . The d ish es  
were th en  covered w ith  a  l i d  and s t e r i l i z e d  as 
d esc rib ed  under S ec tio n  2 b ( i ) ( b ) .
The caryopses were s t e r i l i z e d  u s in g  th e  tech n iq u e  
d esc rib ed  under " S te r i l i z a t io n "  and as o p t ic a l ly  t r a n s -  
f e r r e ^ o  th e  d ish e s . They were in cu b a ted  a t  23 C in  th e
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daric except when l i g h t  was ad m itted  d u rin g  exam ination.
As soon as they had germinated they were tran sferred  to  
a window s i l l  at room teaq>erature.
For th e  ro o t exudate experim ent, th e  caryopses were 
su r fa c e  s t e r i l i s e d  as d e sc rib ed  in  S ec tio n  2 b ( i ) ( c )  and 
were p u t to  germ ina te  in  one l i t r e  beakers -f f u l l  o f 
s t e r i l i z e d  sand# The beakers were th en  pu t under 
la rg e  b e l l  j a r s  in  a  warm dark  room u n t i l  germ ination  
commenced a f t e r  which tim e th ey  were g iven  a r t i f i c i a l  
l i g h t  f o r  n in e  hours d a i ly .
The s id e  o f th e  b e l l  j a r  and th e  sh e e t o f  g la s s  on 
which i t  r e s te d  were swabbed w ith  70% a lc o h o l. The b e l l  
j a r s  were used  to  p rev en t ex cess iv e  ev ap o ra tio n . I t  
was hoped th a t  t h i s  would a lso  keep ou t a i r  borne fu n g al 
and b a c te r i a l  sp o res  and so keep th e  se e d lin g s  as 
s t e r i l e  as p o s s ib le .
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A. Conocarb. dunm ali
This i s  a  r e l a t iv e l y  slow  growing fungus# At 2}*C th e  
average  growth r a t e  on 2% m alt e x t r a c t  agetr i s  3*7mm p e r  
week# The mycelium ap p ears  «diite w ith  vexy l i t t l e  a e r i a l  
hyphae# On a g a r  p la te s  th e  fUngal colony i s  o f te n  zoned# 
Clamp co nnections a r e  p re sen t#  Sometimes s t r a i g h t  and 
narrow  hyphae may he p re s e n t b a t o s o a l ly  th ey  become balboas 
j u s t  beh ind  th e  growing p o in t -  a  b o lb it ia o e o a s  c h a ra c te r ­
i s t i c  ( P la te s 6 and 6a)#
WelaiiQlaao^
This i s  a l s o  a  slow  growing fongas incroEksing a t  th e  
r a te  o f  3»5mm p e r  week on 2% malt e x tra c t ag^r a t  23 C#
A e r ia l  hyphae a r e  absen t#  I t  a l s o  has la rg e  hyphal pro­
tu b e ran ces  (P la te s  7 and 7a) and clamp connections a r e  
absen t#  I t  causes th e  a g a r  in  i t s  v i c i n i t y  to  become 
b la c k is h , perhaps because o f  e x c re tio n  o f  su b stan ces  in  th e  
agar#
c. .amOThila
This grows r e l a t i v e l y  f a s t  and u n d er c u l tu r a l  condi­
t io n s  s im i la r  to  th o se  o f  C^uSSBSBSlai I t  grows a t  an  
av erag e  o f  X0#4mm p e r  week# A e r ia l  hyphae a r e  sh o r t  and 
d en se ; a t  f i r s t  th e  hyphae a r e  w h ite  b u t th e y  become l ig h t  
brown w ith  age# A ll  hyphae a r e  branched  and s t r a i ^ t  and 
r ic h ly  p ro v id ed  w ith  clamp connections (P la te s  8 and da)#
PLATE 6
A colony o f  C. dunensis growing on m alt e x t r a c t  
a g a r .
PLATS 8a
Camera lu c id a  drawing o f hyphal t i p s  o f  C. dunensis 





C onocybe dunens i s
PLATS 7
A colony o f  M. grammopodia growing on malt ex tract  
agar# The c h a r a c te r is t ic  d isco lo ra tio n  o f  the agar 
i s  c le a r ly  demonstrated.
PLATS 7a ( i )
Camera lu c id a  drawing o f  hyphae from the advancing 
edge o f  the colony shewn in  P la te  7*
Melanoleuca gram m opodia
PLATT) 7a( i l )
Camera lu c id a  drawing o f  hyphae from th e  o ld e r  
reg io n s  o f  th e  colony o f  M# grammopodia in  P la te  7 
i l l u s t r a t i n g  th e  bulbous n a tu re  o f  th e  hyphae.
Me I a n o l e u c a  g r a m  m o  p o d  i a
FLATS 8
P s a th y re l la  ammophila growing on m alt e x t r a c t  
ag a r f o r  two weeks*
«LATE 8a
Camera lu c id a  drawing o f  P s a th y re l la  ammonhilk,.
Psathyrella ammophila
c.
This i s  a  f h s t  growing BisoonQroete and in c re a s e s  i t s  
ra d iu s  a t  an  average  r a t e  o f  2Qom p e r  week u n d er th e  condi­
t io n s  d e sc r ib e d  fo r  th e  BasidiOBQroetee# A e r ia l  hyphae a r e  
sh o rty  w h itis h  and th i n .  A m gal c o lo n ie s  a r e  alw ays soned 
on a ^ r  p l a t e s .
S u b cu ltu re s  had to  be made every  two weeks t o therw ise  
th e  fungus f a i l e d  to  grow. Sometimes up to  20 su b c u ltu re s  
were made from th e  same colony and o n ly  one o r  two grew# 
Sometimes a l l  I k i le d  to  grow and th e  i s o l a t i o n  was r e a d i ly  
lo s t#  T his was th e  ca se  when su b c u ltu re s  were made from 
c o lo n ie s  two o r  more weeks o ld . E i th e r  th e  fungus produces 
s t a l i n g  p ro d u c ts  which p rev en t th e  hyphae from growing on 
f re s h  ag^ry o r  th e  medium i s  q u ic k ly  d e p le te d  o f  some essen­
t i a l  growth su b stan ce  which i t  cannot s y n th e s is e  f o r  i t s e l f #  
E . E J
T his i s  a  Bas id iom ycet e which was i s o la te d  from ro o ts  
o f  EItous a ren a rlt^ s  in  S ep t ember y 1)66 u s in g  th e  tech n iq u e  
d e sc r ib e d  in  S e c tio n  2 b ( i i i} «
The fungus was co n fin ed  to  th e  c o r t i c a l  c e l l s  o f  th e  
o ld e r  p a r ts  o f  th e  ro o ts  b o th  i n t e r -  and i n t r a -  o e l lu l a r ly .  
I t  was n ev er lo c a te d  in  ro o t h a i r s  n o r  on th e  o u ts id e  o f  
th e  r o o ts .  In  th e  c o r te x  th e  hyphae were s t r a i ^ t  and 
branched and alm ost a l l  s e p ta  had v i s i b l e  clamp connections*
When t h i s  fungus was grown on 7 $  m alt e x t r a c t  a ^ r  a t
23*Cy i t s  r a t e  o f  growth was vexy slow  reach in g  an  average 
o f  2*Qkam p e r  week. At f i r s t  th e  hyphae were brow nish w ith  
v e ry  l i t t l e  a e r i a l  hyphae. A f te r  ab o u t th r e e  weeks hyphae 
s t a r t e d  growing from th e  in o c u lan t on to p  o f  th e  p rev ious
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growth# T his new developm ent was w h ite  and o<»paot#
On exam ining th e  co lony  m icrosoop ioallyy  i t  was found 
t h a t  th e  hyphae in  th e  prim axy growth were c h ie f ly  narrow 
and  e t r a i ^ t  idiiXe th o se  in  th e  eeoondaxy growth were bulbous 
and  much b ro a d e r  (P la te s  9 and 10)#
When ro o ts  o f  a r e m r i a  a a d  At j B S a i . t a n i
were in o c u la te d  w ith  t h i s  fUngusy i t s  morphology was a g a in  
d i f f e r e n t  ( P la te  l l ) #  I t  was much more bulbous th an  when i t  
was grown in  c u ltu re #
P# A 1 and A 2
These a r e  two fias id iom ycet es which were i s o la te d  from 
Ammophila ro o ts  in  May y 1967# u s in g  th e  tech n iq u e  d esc rib ed  in  
S e c tio n  2 b ( i i i ) #
As in  th e  case  o f  E 1 th e  hyphae were co n fin ed  to  th e  
o o r t io a l  c e l l s  bo th  in te x ^  and i n t r a -  o e l lu l a r ly  and  were 
n ev e r found in  young ro o ts  $ in  young p a r t s  o f  o ld e r  ro o ts  n o r  
in  th e  sm all l a t e r a l  ro o ts#  A 1 and  A 2 appeared  to  grow 
to g e th e r  b u t A 2 extended f u r th e r  down th e  le n g th  o f  th e  ro o t 
th a n  A 1 idiioh was co n fin ed  to  th e  u p p er t h i r d  o f  th e  ro o ts#
In  P la te  12 y A 1 i s  seen  a s  bulbous hyphae in  th e  c e l l s  o f  th e  
c o r te x  w hile  A 2 i s  ju s t  v i s i b l e  a s  th in  l in w #  P la te s  13 
and 14 show more d e t a i l s  o f  t h e i r  s tru c tu re #
On m alt e x t r a c t  a g a r  a t  23*Gy A 1 was a  r e l a t i v e l y  slow  
grower -  av e rag e  in c re a s e  o f  2#6mm p e r  week w h ile  A 2 grew 
a t  4#6mm in  th e  same tim e*
In  A 1 th e  hyphae appeared  brownishy no a e r i a l  hyphae 
were v i s i b l e  and m ic ro sc o p ic a lly  th e  hyphae were bu lbous.
S ep ta  and olamp co n n ectio n s were r e a d i ly  seen#
A 1 m o rp h o lo g ica lly  resem bles B 1.  The hyphae o f  b o th  
o f  them ap p e a r  brownishy a e r i a l  hyphae n e g lig ib le y  on m alt 
e x t r a c t  a g a r  th e  growth i s  slow and hyphae a r e  bulbous*
PLATS 9
Camera lu c id a  drawing o f  hyphal t i p s  o f  E 1 taken  
from th e  growing edge o f  a th re e  week o ld  colony*.
FLATS 10
Camera lu c id a  drawing o f  hyphal t i p s  o f  S 1 taken  
from th e  o ld e r  reg io n  o f  th e  colony (secondary  
g ro w th ),
»oou
PLATE 11
Non -  bulbous hyphae o f  E 1 in  th e  c o r t i c a l  c e l l s  
o f  E . a re n a r iu s  which was c o l le c te d  from Tentsmuir* 
Compare t h i s  w ith  P la te  59 where th e  hyphae a re  
bulbous * ( X IQOO ) •
PLATE 12
A 1 (bu lbous) and A 2 ( th in  and narrow) in  c o r t i c a l  
c e l l s  o f  A*, a r e n a r ia  tak en  from Tentsm uir (xlOO),
y






A 1 in  c o r t i c a l  c e l l s  o f  A# a re n a r ia  (xlOOO)
PLATE 13a





A 2 in  c o r t i c a l  c e l l s  o f  A. a r e n a r i a . Hyphae pass 




1.ÔP h y s lo lo g lo a lly  th ey  were a l ik e  in  t h e i r  v ita m in  and 
n itro g e n  req n irem en te , th e  q u a n t i t ie s  o f  o e l lu lo ly t i c  enaymee 
produced in  v i t r o  and th e  amount o f  p o ly # ie n o l ox idase  which 
th e y  produced on ta n n ic  and g a l l i c  a c id  m edia. However# 
th e y  d i f f e r e d  in  th e  p ro d u c tio n  o f  p e o t in o ly t io  enaymes and in  
th e  s t im u la t io n  o f  t h e i r  growth hy e x t r a c ts  from th e  ro o ts  o f
A . A . A m o ^ ifo n n e  ThflOT » r e
probab ly  two s t r a i n s  o f  one and th e  same fungus and t h e i r  
d if fe re n c e  cou ld  be due to  th e  A c t  t h a t  B 1 had been i s o la te d  
e i ^ t  months b e fo re  A 1 and might have undergone changes in  
i t s  p h y sio lo g y .
Cn 2^ m alt e x t ra c t  a g a r  dunm m is# lU  grammopodia.
B 1 and A 1 in v a r ia b ly  produced bulbous hyphae# A 1 a ls o  
appeared  bulbous in  s i t u  in  th e  ro o ts  o f  A. a r e n a r i a .  The 
hyphae o f  B 1 were n o t o r ig in a l ly  bu lbous in  th e  ro o ts  o f
B. a re n a r iu s  a t  th e  tim e o f  i s o la t io n  b u t idien on 2 $  m alt 
e x t r a c t  a g a r  and when th e  i s o l a t e  r e in f e c te d  th e  ro o ts  o f  th e  
th r e e  g ra s s e s # th ey  were b u lb o u s. T h is i s  perhaps a 
phenomenon which re q u ire s  f u r th e r  m ention .
Wat l i n g  (p e rso n a l communication# I 967) has found th a t  
th e  bu lbousness o f  b o lb it ia c e o u s  sp e c ie s  in c re a se d  w ith  th e  
amount o f  su c ro se  in o o rp o ra ted  in  th e  medium. He su g g ests  
t h a t  i t  i s  r e la te d  to  osm otic p re s s u re .  As no experim en ta l 
d a ta  i s  a v a i la b le  i t  cannot be s t a te d  t h a t  h is  ex p lan a tio n  
a p p l ie s  to  th e s e  fung i u n d er in v e s t ig a t io n .
Sw ollen o r  bulbous hyphae have been re p o r te d  a t  l e a s t  in  
two o th e r  groups o f  fu n g i i . e .  Oonrinus and P é n ic il l iu m . 
M adelin ( 196O) o f fe re d  an  e :rp lan a tio n  fo r  th e  occurrence  o f  
sw ollen  c e l l s  in  th e  v e g e ta t iv e  mycelium o f  Conrinue 
lagQPUs.  When t h i s  fungus had been growing f o r  e i ^ t  days#
19
a  v e ry  la rg e  p ro p o rtio n  o f  th e  c e l le  w ith in  th e  a g a r  a t  
d is ta n c e s  g r e a te r  th a n  5«m from th e  m argin were v a r io u s ly  
in f l a t e d  and g ro ss ly  d i s to r t e d  and were com plete ly  f i l l e d  
w ith  dense and h ig h ly  r e f r a c t iv e  c o n te n ts .  D esp ite  th e  
sw elling#  olamp connections were g e n e ra lly  c l e a r ly  v i s i b l e .  
(T his a ls o  h o ld s  t r u e  f o r  Conocvbe d u n e n s is . f o r  A 1 and f o r  
E l ) .  These in f la t e d  c e l l s  were a b s e n t in  a e r i a l  hyphae.
Between th e  11th and  th e  l6 th  days# when sporophores 
were growing and m aturing# M adelin observed  v i s i b l e  changes 
w ith in  th e  sw ollen  c e l l s  — v acuo les appeared  and grew pro­
g re s s iv e ly  l a r g e r  w h ile  th e  amount o f  deep ly  s ta in in g  cytoplasm  
p ro p o r t io n a lly  d im in ish ed . The sp en t c e l l s  r e ta in e d  t h e i r  
shapes b u t l o s t  t h e i r  s t a in in g  p ro p e r ty . These changes were 
a l s o  observed on h a p lo id  mycelium which u s u a lly  f r u i t e d  
t a r d i l y  and abnorm ally# i f  a t  a l l .  As a  r e s u l t  o f  th e se  
o b se rv a tio n s  y M adelin su g g ested  th a t  th e  sw ollen  c e l l s  p layed  
an  im portan t p a r t  in  r e s e rv in g  food f o r  f r u i t i n g .
Conooarbe dunensis produced f r u i t  body p rim o rd ia  on m alt 
e x t r a c t  a g i r  a f t e r  abou t th re e  weeks b u t only  sm a ll abnormal 
f r u i t  bod ies have been produced on t h i s  medium. Swollen 
hyphae were observed alm ost a s  soon a s  th ey  s t a r t e d  growing.
So A r#  th e  o th e r  fu n g i w ith  bulbous hyphae have n o t been 
observed  to  f r u i t  in  c u l tu r e .  P erhaps th ey  can go as  A r  a s  
s to r in g  up food re se rv e s  b u t th e  medium lack s some A c to r  
which th ey  need fo r  f r u i t i n g .
Bent and Morton ( 1963) observed sw ollen  hyphae in  sub­
merged c u l tu re  o f  P é n ic ill iu m  g riseo A lv n m .  T h e ir  fo rm ation  
was regarded  by Lilly and B a rn e tt ( l9 5 l )  a s  response  to  one o f  
s e v e ra l  c o n d itio n s  u n A v o u rab le  to  growth e .g .  low pH# 
potassium  and oxygen d e fic ien cy #  h i ^  osm otic p re s s u re  o r  th e
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presen ce  o f  in h ib i to r s .  Bent and Morton ( 1963) found th a t  
th e  ** la rg e  c e l l s  were m o rp h o lcg io a lly  and developm entally  
e q u iv a le n t t o  sporophores in  which th e  noxmal development 
le a d in g  to  c o n id ia l  fo rm atio n  i s  n o t com pleted owing to  some 
m etab o lic  derangement caused  by an  abnoxm ally low pH o f  th e  
medium" .
A l th o u ^  th e  r e la t io n s h ip  between la rg e  c e l l s  and 
sporophore p ro d u c tio n  ap p ea rs  to  p ro v id e  s a t i s f a c to r y  expla­
n a t io n  in  th o s e  sp e c ie s  stu d ied #  i t  cannot be assumed th a t  
t h i s  i s  t r u e  in  every  case  o r  th a t  th e  la rg e  c e l l s  a r e  
m o rp h o lo g ica lly  e q u iv a le n t in  a l l  fu n g i.
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S E C T I O H  A 
PHYSIOLOGICAL CHAmCTERETICS OP MB ISOLATES
4a V itam in requ irem en t
T his experim ent was condaoted w ith  a  view  to  
a s c e r ta in in g  w hether th e  fh n g i were a b le  to  sy n th e s iz e  
t h e i r  own v itam in s  o r  %#hether th e s e  had to  be su p p lied  
from an  e x te rn a l so u rc e . The fo llo w in g  fu n g i were 
su b je c te d  to  th e  t e s t s -  C. d u n en s is . lU ^rammopodla.  
P s a th y re l la  ammophite. ^
A 2.  They were grown f o r  2-3  weeks on a  medium oon^ 
ta in in g  2ÿ d ifc o  a g a r  and IgG g lu co se  to  e lim in a te  th e  
p o s s i b i l i t y  o f  them c a rry in g  o v er t r a c e s  o f  v itam in s 
w ith  them .
MsEtàaà
The v itam in s  th iam in e  (lOO p g / l i t r e ) #  b io t in  (5  yL^f 
l i t r e )  and p y rid cx in e  (lOO ju g ^ li t r e )  f o r  which filam en­
to u s  fUngi a r e  most f re q u e n tly  d e f ic ie n t#  were su p p lied  
to  seven  s e r ie s  o f  c u l tu re  media in  th e  fo llo w in g  
manners—
S o lu tio n  1 m b a s a l  medium a c t in g  a s  a  c o n tro l  
"  2 -  " " + th iam ine  (B .S .H i LGK)
" 3 -  " " + h io tin  (B.D.HILG»)
" 4 "  " " + p y rid o z in e  (B.B.HtLGR)
3 ■ ^  th iam in e  and b io t in
** 6 » ^ ** *f th iam in e  and p y rid o x in s
” 7 •  ” " + b io t i n  and p y rid cx in e
" 8 « ** " + th iam ine# b io tin #  p y rid cx in e
The b a s a l s y n th e t ic  c u l tu re  medium was th e  g lucose — 
a sp a ra g in e  medium o f  L i l ly  and B a rn e tt ( l9 3 l )  uud had 









D i s t i l l e d  w a te r
(B.D.H:LQR)
(B.B.HtLCER)
2 0 .0  grams 
2 .0  «
1.0  ••
0 .5  "
0 .2  mg 
0.2  mg 
0 .1  mg 
1000 ml
pH a d ju s te d  to  6 b e fo re  s t e r i l i s a t i o n
The b a s a l  medium was s t e r i l i z e d  and when cooled  th e  
v ita m in s  were added a t  th e  r a t e  in d ic a te d  above. The 
th iam in e  and p y r id o z in e  were made up in  70^  a lc o h o l 
(s to c k  s o lu t io n s  co n ta in e d  lOkng  ^100ml) and s to re d  in  a  
r e f r i g e r a to r  u n t i l  needed. When 20^ a lc o h o l ( L i l ly  
and B arn e tt#  1951) was used# co n tam in atio n  was observed 
a f t e r  th e  f la s k s  w ith  th e  in o c u la n ts  had been incu b ated  
fo r  e ig h t d ay s . There was no such problem when 7(% 
a lc o h o l i#as used  in s te a d  o f  20^. The b io t i n  was b o u ^ t
in  1ml ampoules c o n ta in in g  1 pg* The media were
d isp en sed  in  25ml q u a n t i t i e s  in  th e  p re v io u s ly  s t e r i l i z e d  
lOGmi Erlenm eyer f la s k s  and were in o c u la te d  and in cu b a ted  
a t  23*0 .  The experim ent was s e t  up in  d u p l ic a te .
In  th is #  a s  in  a l l  q u a n t i ta t iv e  experim ents in  
t h i s  in v e s tig a tio n #  equal s iz e  in o c u la n ts  were u sed . A 
5mm sq u a re  was o u t l in e d  on a  s h e e t o f  graph p ap e r. Each 
p e t r i  p l a t e  from which th e  in o c u la n ts  were taken# was 
superim posed on th e  graph p ap er so  th a t  th e  growing edge 
o f  th e  co lony  co in c id ed  w ith  one s id e  o f  th e  square#
The in o c u la n ts  were th e n  out c u t 5™  sq u are  and approx i­
m ately  2imn deep .
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A f te r  te n  weeks th e  m yoelia were r in s e d  in  d i s t i l l e d  
water# t r a n s f e r r e d  to  p re v io u s ly  weighed aluminium f o i l  
b o a ts  and  d r ie d  a t  50%  to  c o n s ta n t w e i^ t#  T h e ir  d ry  
w eights were th e n  determ ined#
The r e s u l t s  shown in  T able 2 have been c a lc u la te d  a s  
p e rce n tag e s  o f  th e  c o n tro l  and a r e  exp ressed  in  P la te s  
15- 21# From Table 2 and P la te  15» i t  can be seen  th a t  
O# d u n en sis  i s  a b le  to  grow on th e  b a s a l  medium b u t th e  
a d d i t io n  o f  th iam in e  and p y rid o x in s#  s in g ly  o r  to g e th e r#  
caused a  marked in c re a s e  in  growth# B io t in  a lo n e  
caused a  d ec rease  in  growth# b u t th e  a d d i t io n  o f  
th iam in e  was e f f e c t iv e  and doubled  th e  grow th. When 
b io t in  and p y rid o x in e  were in  th e  same medium# growth 
was e q u iv a le n t t o  th a t  cn th e  b a s a l  medium. When a l l  
th r e e  v ita m in s  were to g e th e r#  growth was a s  good a s  
w ith  th iam in e  on i t s  own b u t s l i g h t l y  le s s  th a n  w ith  
p y rid o x in e  alone# th iam in e  e  p y rid o x in e  o r  w ith  th iam in e  
and b i o t i n  to g e th e r#
It^ th e re fo re^  ap p ears  th a t  th iam in e and  p y rid o x in e  
must be added to  th e  s u b s t r a te  f o r  th e  h e a lth y  growth o f  
b u t t h a t  b io t in  on i t s  own o r  w ith  p y rid o x in e  
has an  in h ib i to r y  e f f e c t .
In  M. grammopodia. th e  b a s a l  medium p e rm itte d  some 
growth b u t th e  a d d i t io n  o f  th iam in e  caused a lm ost th r e e ­
fo ld  in c re a s e . When b io t in  and  th iam ine  were incorpo­
ra ted#  growth was le s s  th an  t h a t  on th e  b a s a l  medium 
b u t when p y rid o x in e  was added to  th e s e  two th e re  was 














B io tin ,  Iqr i t s e l f ,  p e rm itte d  growth which was n e a rly  
tw ice  t h a t  on th e  b a s a l  medium» Growth was reduced to  
n e a rly  h a l f  th a t  on th e  b a s a l  medium when p y rid o x in e  
a lo n e  was added#
T h e re fo re , M» grammopodia grows b e t t e r  w ith  an  
e x te rn a l  supply  o f  th iam in e  o r  b io t i n  b u t i t  would 
ap p ea r t h a t  p y rid o x in e  in te r f e r e d  w ith  th e  s tim u la to ry  
e f f e c t  o f  b io t in  when th ey  were b o th  in  th e  same medium# 
P s a th y re l la  ammochlla grew v e ry  p o o rly  on th e  
b a s a l medium b u t th e  a d d i t io n  o f  th iam ine  g r e a t ly  
in c re a se d  th e  growth to  more th a n  sevenfo ld#  B io tin  
by i t s e l f  was e f f e c t iv e  in  c a u s in g  n e a r ly  th r e e fo ld  
in c re a se  whereas p y rid o x in e  p e rm itte d  on ly  tw ofo ld  
in c rease#  Thiamine and b io t i n  to g e th e r  were a s  
e f f e c t iv e  a s  p y rid o x in e  a lo n e  b u t when a l l  th r e e  were 
to g e th e r  growth was s tim u la te d  to  th re e  tim es th a t  on 
th e  b a s a l  medium# Thiamine + p y rid o x in e  p e rm itte d  
growth which was j u s t  b e t t e r  th a n  th a t  on th e  b a sa l 
medium b u t s l i g h t l y  p o o re r  th a n  p y rid o x in e  + b io tin #  
Growth o f  P s a th y re l la  aam onhila i s ,  th e re fo r e ,  
s t im u la te d  by an  e x te rn a l  supp ly  o f  each o f  th e  th re e  
v ita m in s  p a r t i c u la r ly  by th iam ine#
Pgnlmm MWPBhite
The r e s u l t s  a l s o  show t h a t  th e  b a s a l  medium 
su p p o rted  some growth# Both th iam in e  and b io t i n  
added s in g ly ,  m arkedly in c re a se d  th e  grow th, b io t in  
more so  th a n  th iam in e  ; bu t p y rid o x in e  had no e f fe c t#  
When any two o f  th e  v itam in s  were added to  th e  medium, 
th e  amount o f  growth was s l i g h t l y  in c re a se d  over th a t  
o f  th e  b a s a l  medium b u t a l l  th r e e  to g e th e r  p e rm itted  
th e  b e s t  growth o f  a l l#
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T his ftingas a l s o  re q u ire s  an  e x te rn a l supply  o f  
th iam in e  and b io t in  in  o rd e r  f o r  i t  to  produce good 
grow th. I t  i s  p robab ly  a b le  to  sy n th e s is e  i t s  own 
p y rid o x in e .
The b a s a l  medium su p p o rted  vezy good growth w ith  
t h i s  fungus a l t h o u ^  th e  a d d i t io n  o f  th iam ine  o r  
p y rid o x in e  produced an  in c re a s e . When b i o t i n  was th e  
only  v ita m in  p re se n t growth was d ep ressed . The a d d i t io n  
o f  th iam in e  p lu s  b io t i n  gave b e t t e r  growth th a n  th a t  
o b ta in ed  when th e y  were added s in g ly .  Thiamine p lu s  
p y rid o x in e  had a  combined e f f e c t  o f  in c re a s in g  th e  growth 
to  more th a n  tw ice  t h a t  o b ta in ed  on th e  b a s a l  medium.
The com bination o f  b io t i n  w ith  p y rid o x in e  had a  red u cin g  
e f f e c t  b u t when th iam in e  a ls o  was added growth in c re a se d .
B io tin #  th e re fo re #  seems to  have an  in h ib ito x y  
e f f e c t  w h ile  th iam in e  and p y rid o x in e  s tim u la te d  growth,
à j i
In  A 2 . th iam ine#w hether s in g ly  o r  combined# 
markedly in c re a se d  th e  growth# B io tin  caused  a  d ec rease  
W iile  p y rid o x in e  had no e f fe c t#  Growth in c re a se d  when 
p ÿ rid o x in e  and b io t in  were added to g e th er#
The growth o f  t h i s  fungus is#  th e re fo re #  s tim u la te d  
by an  e x te rn a l  supp ly  o f  th ia m in e ,
£JL
E 1 grew on th e  b a s a l  medium b u t th e  a d d i t io n  o f  
th iam ine  p e rm itte d  much b e t t e r  growth# B io tin  was 
in h ib i to r y  b u t th e  a d d i t io n  o f  th iam in e  to  b io t i n  gave 
b e t t e r  growth th a n  was o b ta in ed  w ith  th iam ine  alone# 
P y rid o x in e  idien added s in g ly  caused  an in c re a s e  in  growth 
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27tw ice th a t  on th e  h a sa l mediun* AgEtin pyridoxine had 
l i t t l e  e f f e c t  tdien combined w ith  b io t in  bat a l l  three  
togeth er  perm itted eome growth*
T his IbngoBf th e r e f o r e ,  grows nuoh b e t t e r  when th e re  
i s  an  a d d i t io n  o f  thiam ine#
D isooasioa
Fungi re q u ire  v itam in s  f o r  grow th, re p ro d u c tio n  and 
o th e r  v i t a l  fu n c tio n s#  C e rta in  ones must o b ta in  one o r  
more o f  th e  v itam in s  from th e  s u b s t r a te ,  e#g# Phvoomyoes 
re q u ire s  th ia m in e | o th e rs  a r e  a b le  to  
s y n th e s iz e  from th e  compounds o f  th e  medium a l l  th e  
v ita m in s  in  s u f f i c i e n t  q u a n t i t ie s  to  meet t h e i r  needs 
e .g#  A sp e rg illu s  n i c e r # From th e  experim ent d e sc rib ed  
above, I t  can be se en  th a t  a l l  seven fb n g i responded 
by in c re a se d  growth to  a d d i t io n  o f  th ia m in e , fo u r  o f  them 
to  a d d i t io n  o f  b i o t i n  and on ly  two to  p y rid o x in e .
T his experim ent, however, was on ly  a  " sc re e n in g  
t e s t "  and th e  r e s u l t s  need to  be v e r i f i e d  u n d e r more 
c o n tro l le d  co n d itio n s#  For exam ple, th e  ohmnioals 
should  be p u r i f i e d  p r io r  to  u se  to  av o id  th e  r i s k  o f  con­
ta m in a tio n  by s i g i i f i o a n t  amounts o f  th e  v itam ins#  The 
experim ent shou ld  a l s o  run over a  c o n s id e ra b le  p e rio d  o f  
tim e because  fu n g i change d u rin g  development in  t h e i r  
s y n th e t ic  o ap ao ity  and in  t h e i r  v ita m in  needs (Cochrane, 
1958).
A nother problem  i s  th a t  d e te rm in a tio n  shou ld  be made 
over a  range o f  c o n c e n tra tio n  o f  th e  v ita m in s . I t  has 
been assumed h e re  t h a t  optimum o r  n e a r  optimum amounts 
o f  th e  v itam in s  were added to  th e  media# The concen­
t r a t i o n s  u sed  were th o se  which have been found to  be
28
n e a r  optimum fo r  many filam en to u s fUngi ( L i l ly  and 
B a rn e tt ,  1951)# However, th e  optimum amount o f  a  
v ita m in  may v a ry  w ith  dhanges in  o th e r  c o n d itio n s  and 
may a l s o  he d i f f e r e n t  f o r  d i f f e r e n t  fungi#
The experim ent a l s o  su g g es ts  th a t  b i o t i n  had a  
d e p re s s in g  e f f e c t  on growth o f  C# d u n en s is# E 1 . A 1 
and A 2 and p y rid o x in e  on th e  growth o f  N. cmmmooodia# 
This may be due to  an  ex cess iv e  dosage o f  th e  v itam in  
(M athur, B a rn e tt and L i l l y ,  1950; L i l ly  and B a rn e tt ,  
1951) o r  th e  r e s u l t  may be in f lu e n c e d  by some environ* 
m ental co n d itio n #  I t  was found (B a rn e tt and L i l ly ,
1948) t h a t  in  S o le r o t in ia  o am elliae  th e  same concen tra­
t io n  o f  in o s i to l  which s tim u la te d  growth a t  26*0 caused 
an  in h ib i to r y  e f f e c t  a t  2?*C# B io tin  and p y rid o x in e  
were a l s o  found to  reduce th e  growth o f  D iplooarpon 
(Shirakaw a, 1955)# Shirakaw a found th a t  th e  
a d d i t io n  o f  b io t in  and p y r id o x in e , s in g ly  o r  in  com­
b in a t io n , to  a  medium c o n ta in in g  th iam in e  d ep ressed  
growth u n le s s  i n o s i to l  was p re se n t#  B# ro sea  i s  
t o t a l l y  d e f ic ie n t  f o r  th iam ine and p a r t i a l l y  d e f ic ie n t  
f o r  in o s i to l#  P r ie s  (1943) t e s t e d  th e  e f f e c t  o f  a  
v ery  s t r o n g  p y rid o x in e  c o n c e n tra tio n  on th e  growth o f  
v a r io u s  Asoomyoetes, b u t no to x ic  e f f e c t  could  w ith  
c e r t a in ty  be proved in  any case#
The d e p re ss in g  e f f e c t  o f  b lo t  in  and p y rid o x in e  in  
th e  c u r re n t  in v e s t ig a t io n  m i ^ t ,  th e r e fo r e ,  be due to  an  
ex cess iv e  dosage, o r  to  o th e r  environm ental co n d itio n s  
e#g# tem peratu re#  A gain, growth in h ib i to r s  r o i^ t  have 
been p re s e n t in  th e  chem icals u sed  in  th e  b a s a l  media and 
th e y  cou ld  have in te r f e r e d  w ith  th e  e f fe c t iv e n e s s  o f  th e  
s p e c i f ic  v itam ins#
29For maximam growth to  ta k e  plaoe# th e r e  moat be a  
baXaaoe between n a t r i t l o n a l  and env ironm ental Ih o to rs  
and th e  d i f f e r e n t  v ita m in e , s in c e  growth I s  a  r e s u l t  o f  
In te x a c tin g  fh c to r s  among idiloh a r e  th e  v itam ins#  
V eg e ta tiv e  growth m easured by dxy w e i ^ t  I s  a p p a re n tly  th e  
most u s e fu l  o r l t e r lo n  o f  th e  u t i l i s a t i o n  o f  v itam in s  
a lth o u g h  rep ro d u c tio n  and o th e r  p ro cesses  a r e  a ls o  
a f f e o te d  and th e  fu n g i m l ^ t  e x h ib i t  t h e i r  d e f lo le n o le s  
f o r  p a r t i c u l a r  v ita m in s  d u rin g  th e s e  p ro c e sse s  r a th e r  
th a n  in  t h e i r  v e g e ta t iv e  stage#
The v itam in s re q u ire d  by th e s e  fUngl a s  demon­
s t r a t e d  by t h i s  in v e s t ig a t io n  a r e  probab ly  su p p lied  by 
th e  l iv in g  ro o ts  In  a s s o c ia t io n  w ith  which th ey  grow o r  
from th e  decomposing p la n t and an im al m a te r ia ls  p re se n t 
in  th e  sand# The fu n g i m l ^ t  a l s o  be a b le  to  
s y n th e s is e  t h e i r  own supp ly  o f  v itam in s  when in  t h e i r  
n a tu ra l  environm ent a lth o u g h  u n ab le  to  do so  under th e  
c o n d itio n s  o f  th e  p re se n t experim ent# I t  cannot be 
overem phasised th a t  th e  p a t te r n  o f  growth e x h ib ite d  by 
th e s e  fu n g i m l ^ t  be com plete ly  d i f f e r e n t  when th e  
ex p erim en ta l c o n d itio n s  a r e  v a ried #  The seem ing 
v itam in  d e f ic ie n c ie s  must be confirm ed u s in g  d i f f e r e n t  
co n d itio n s  b e fo re  th e y  can be reg ard ed  a s  tru e#
304b U tiliza tio n  at Nitrogen S<mroea
T his experim ent was c a r r ie d  o a t to  detexm ine which 
oompound(s) could  be u t i l i z e d  a s  B ouroe(s) o f  n itro g e n  
by G . d u n e n s is . g raaao p o d ia# P s a th y re l la  anm ophlla.
£ Jk f  k A t  PQlTOoros b e tu l in u s  and 
Panaeolus se m l-o v a tu s . th e  l a s t  two b e in g  used  a s  t e s t  
fh n g i. These were chosen beoause th ey  have q u ite  
d i f f e r e n t  n u t r i t i o n a l  requ irem ents from th e  o th e r  fh n g l 
and th e y  were r e a d i ly  a v a ila b le #  P# b e tu l ln u s  was 
k in d ly  su p p lie d  by th e  Botany Departm ent c u l tu re  s to r e  
and P . semiwovatus (w ild  ty p e ) was su p p lie d  by Mrs#
K rinos in  th e  Honours C lass in  th e  same departm ent#
Method
The f h s t  growing members, t h a t  I s ,  P e z lza  ammophlla# 
mmWPhAM# Polyporos an a  Panaeolaa
aem l-ovatus were grown f o r  one week on m alt e x t r a c t  a g a r  
a t  23*C W iile  th e  o th e rs  were c u l tu re d  f o r  up to  th re e  
weeks b e fo re  th e y  were u sed  a s  In o cu lan ts#
Seven n itro g e n  so u rces (T ab le  3) were s e p a ra te ly  In ­
co rp o ra te d  In  th e  b a s a l  medium su g g ested  by L i l ly  and 
B a rn e tt ( 1951) which co n ta in ed  no chem ically  combined 
n itro g e n  o th e r  th a n  any im p u r it ie s  which m l ^ t  be p re se n t 
in  th e  c o n s t i tu e n ts  used# The w eights o f  th e  compounds 
used  were c a lc u la te d  to  c o n ta in  a  w e i# it o f  n itro g e n  
é q u iv a la i t  to  t h a t  in  2 grams o f  a sp a ra g in e  ( L i l ly  add 
B a rn e tt I l ) 5 l ) #
The ex>^rlm ent was s e t  up in  d u p lic a te  and  th e  media 
were d isp en sed  in  25 ml q u a n t i t i e s  In  p re v io u s ly  s t e r i ­
l iz e d  100 ml Erlenm eyer f la sk s#  The medium was a d ju s te d  
to  pH 6 b e fo re  s t e r i l i z a t i o n #
The equal s iz e d  in o c u la n ts  were t r a n s f e r r e d  a s e p t i -  
c a l ly  to  th e  l iq u id  media and a llow ed  to  f lo a t  so th a t
31
N itrogen  so u rces H e i ^ t  in  
g ra m e /l i t re
Potassium  n i t r a t e KHO^ 2.69
Ammonium t a r t r a t e 2 .45
d l  A lan ine CHj .CH(HH2)COOH 2.37
d l  A sparagine NHgCO.cHgCaCimg ) . cooh 2 .0 0
G lycine MHg.CHg.COOH 2.0 0
d l  M ethionine CEgfSCa iCHg.CHCNHgi.OOOR 3.97
Urea MHg.CO.HHg 0 . 2 0
A ll th e  above subetanoee were la b o ra to ry  g rade  reag e n ts  
su p p lie d  by B.D.H. excep t Urea id iich  was an  A nalar reagent*
32th ey  co u ld  ge t f r e e  oxrgen# Ihoubation  a t  23 C la s te d  
fo r  e i # i t  weeks a f t e r  which tim e th e  r e s u l t a n t  m y ce lia l 
mats were washed, d r ie d  a t  gO^C to  c o n s ta n t w e i ^ t  and 
w e i r e d .  T h e ir  mean d ry  w eigh ts a r e  shown in  Table 4* 
R e su lts
The r e s u l t s  f o r  a l l  th e  fu n g i were ta k e n  from a  
s in g le  experim ent which shou ld  r u le  out b o th  v a r ia t io n  
in  th e  b a s a l  medium and th e  age and v ig o u r o f  th e  
inoculum# % e p e rcen tag es  o f  th e  c o n tro l  were ca lcu ­
la te d  and  th e  r e s u l t s  a r e  shown in  th e  form o f  
h istogram s#
From Table 4 and P la te s  22 -29 , i t  can be seen th a t
M. /rrammopodla and P ez iaa  ammophlla u t i l i z e d  
a sp a ra g in e  b e s t  o f  a l l  th e  seven so u rces o f  n itro g e n  
su p p lie d  to  them# In  a d d i t io n  Conocvbe a l s o  had good 
growth on ammonium n itro g e n  and th e  amino a c id s  a la n in e  
and g lyc ine#  Growth on u re a  was b e t t e r  th a n  th a t  on 
th e  c o n tro l  whereas on n i t r a t e  and m eth ionine growth 
was poorer#
The r e s u l t s  f o r  M. grammooodia were a lm ost s im ila r  
to  th o se  o f  c .  b u t h e re  growth on u re a  was
alm ost a s  good a s  th a t  on g ly c in e  o r  on ammonium n i t r o ­
gen b u t b e t t e r  th a n  on a lan in e#
^mmoohlla# however, was q u i te  d if fe re n t#
% e n i t r a t e  n itro g e n  was second on ly  to  asparag ine#  
A lanine a l s o  su p p o rted  some grow th, g ly c in e  l e s s ;  
ammonium n itro g e n  and m eth ionine were below co n tro l#
In  P s a th v re l la  ammoohila. ammonium t a r t r a t e  and 
u re a  were th e  on ly  two so u rces to  support growth# A ll 
th e  o th e rs  e i t h e r  e q u a lle d  o r  were le s s  th a n  th a t  on th e  
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34a la n in e ,  a sp a rag in e  and m eth ion ine in  th e  second group# 
T his su g g e s ts  th a t  t h i s  fungus i s  a b le  to  u t i l i z e  
ammonium n itro g e n  a lo n e .
In  th e  two I s o la t e s  A 1 and B 1 . g ly c in e  su pported  
th e  b e s t  growth and a sp a ra g in e  th e  nex t b es t#  In A 1 . 
a la n in e  and ammonium t a r t r a t e  produced b e t t e r  growth th a n  
potassium  n i t r a t e ,  m eth ion ine and urea# In  B 1# 
however, m ethionine %#as a  b e t t e r  n itro g e n  sou rce  th an  
a la n in e  which was In  tu rn  b e t t e r  th an  ammonium ta r t r a t e #  
Urea and potassium  n i t r a t e  d id  n o t su p p o rt growth#
In  th e  wood—r o t t i n g  fhngus, Polyporus b e tu l ln u s # 
a la n ln e  sup p o rted  th e  b e s t  growth w ith  u re a  th e  next 
best#  Ammonium t a r t r a t e  and g ly c in e  a l s o  produced some 
growth# M ethionine was j u s t  b e t t e r  th a n  c o n tro l  w h ile  
po tassium  n i t r a t e  and a sp a ra g in e  produced growth Wiloh 
were n o t a s  good a s  th a t  o f  th e  co n tro l#
O ther In v e s t ig a to r s  have a l s o  found th a t  a sp a ra g in e  
and g ly c in e  were e x c e lle n t so u rce s  o f  n itro g e n  fo r  most 
b a s id lom yoete s # P r ie s  (1955) ex p e rim en ta lly  showed
th a t  a sp a ra g in e  was a  good n itro g e n  so u rce  f o r  most o f  
th e  e ig h te e n  C oprinus sp e c ie s  s tu d ied #  Most In v e s t i— 
^ t o r s  have ag reed  th a t  g ly o ln e  and a sp a ra g in e  a r e  most 
l ik e ly  to  su p p o rt growth (C ochrane, 1958)#
A ll  th e  fu n g i were a b le  to  u t i l i z e  o rg an ic  and 
ammonium n itro g en #  The basid lom yoetes grew very  slow ly  
on n i t r a t e  n itro g en #  T his I s  In  agreem ent w ith  th e  
r e s u l t s  o f  o th e r  w orkers f o r  basid lom yoetes in  general#  
H elin  ( 1953) found t h a t  on ly  a  few o f  h is  in v e s t ig a te d  
m ycorrh lza-fo rm ers cou ld  u t i l i z e  n i t r a te s #  L lndeberg 
( 1944) found th a t  one sp e c ie s  o f  Marasmius ou t o f
35
t h i r t e e n  cou ld  u t i l i z e  n i t r a t e s ,  w h ile  N orkrans ( l9 5 0 ) 
found t h a t  on ly  Trloholom a nudum o f  th e  e i ^ t  sp e c ie s  o f  
Tricholom a s tu d ie d  cou ld  u t i l i z e  n i t r a t e  n itro g en #  L illX y  
and B a rn e tt  ( l9 5 l )  p u b lish e d  a  l i s t  o f  n i t r a t e  u t i l i z i n g  
fh n g l b u t I t  co n ta in e d  on ly  a  few b asid lo m y o etes . G a rre tt  
( 1953) and Bos S an tos ( 1963) haye shown t h a t  A rm llla r ia
was no t a b le  to  u t i l i z e  n i t r a t e  n i tro g e n . However,
H aoskaylo, L i l ly  and B a rn e tt (1954) found th a t  among th e  
fo u rte e n  te s t e d  w ood-destroy ing  bas idlom yoet es a  few u sed  
n i t r a t e s  v e ry  p o o r ly . Only P olyporus d i s t o r tu s  grew 
w e ll on n i t r a t e ,  t h o u ^  s lo w ly . They have p o in te d  ou t 
th a t  slow  u t i l i z a t i o n  o f  n i t r a t e s  i s  exaggera ted  in  some 
basid lom yoetes when th e  experim ents a r e  f o r  s h o r t dura­
tio n #  T h is I s  pezhaps because i t  I s  necessazy  fo r  them 
to  reduce th e  n i t r a t e s  b e fo re  u t i l i z i n g  them# A pparen tly  
t h i s  re d u c tio n  was a  slow  p ro cess  because when th e  ex p e ri­
ments were a llow ed to  run lo n g e r , n i t r a t e s  were u t i l i z e d  
by fu n g i in  idiich t h i s  was no t ap p a re n t befo re#
Cochrane (1958) p o in te d  ou t t h a t  u re a  i s  g e n e ra lly  
reco g n ised  a s  a  u t i l i s a b l e  n itro g e n  so u rce  b u t th a t  on ly  
esperlm en ts w ith  o d d  s t e r i l i z e d  u re a  a r e  v a l id  s in c e  
u rea  b reak s down to  ammonia on a u to c la v in g . In  th e  
c u r re n t I n v e s t ig a t io n  u re a  was steam  s t e r i l i z e d  (See 
S t e r i l i z a t i o n  In  Method)# The f a c t  th a t  a l l  th e  fhng i 
th a t  were a b le  to  u t i l i z e  u re a  were a l s o  a b le  to  u t i l i z e  
ammonium n itro g e n  su g g e s ts  th a t  th e  u re a  was broken 
down# P r ie s  (1955) fouzid th a t  on ly  two o f  th e  e l ^ t e e n  
sp e c ie s  o f  Coorinus cou ld  n o t u t i l i z e  u re a  and th a t  t h i s  
was th e  b e s t  n itro g e n  source f o r  th re e  o f  them#
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4o P ro d u c tio n  o f  Enarmea
(1 ) P a o tln o lY tio  engyaes
T his experim ent was oonduoted in  an  endeavour to  
d is c o v e r  w hether th e  fu n g i were cap ab le  o f  d ig e s t in g  
t h e i r  way a c ro s s  th e  m iddle la m e lla e  o f  c e l l s .  M iddle 
lam e lla  i s  known to  c o n ta in  a  la rg e  q u a n t i ty  o f  p e c t in  
c h ie f ly  in  th e  form o f  calcium  p e o ta te ,  A re d u c tio n  
in  th e  v is c o s i ty  o f  sodium p o ly p e c ta te  (o b ta in e d  from 
Sigma Chemical C o,) by a  fu n g a l e x t r a c t ,  would in d ic a te  
th a t  th e  fungus had produced a  p e c t in o ly t ic  enzyme 
ex t ra c e  l l u l a r l y .  T his would su g g est th a t  i t  was capab le  
o f  b re a k in g  down th e  p e o ta te  in  th e  m iddle la m e lla .
Method
The experim ent which i s  d e sc r ib e d  below , i s  
s im i la r  to  th a t  d es ig n ed  by W instead and McCombs ( 1961) 
in  t h e i r  s tu d y  o f  p e c tin o  l y t i c  and  c e l l u l o l y t i c  
enzyme p ro d u c tio n  by Pvthium aphanidenaatum . In  o rd e r  
to  o b ta in  th e  f U n ^ l  e x t r a c t s ,  th e  fh n g i were grown on 
a  b a s a l  medium c o n s is t in g  o f  th e  fo llo w in g  c o n s t i tu e n ts s -  
KHgPO  ^ 3*0 grams
KgHPO  ^ 2 .0  «
Mg SO^.THgO 0 .5  ”
A sparag ine 2 .0  "
D i s t i l l e d  w ate r 1000 ml
T his medium was co n v erted  to  pH6 b e fo re  a u to c la v in g . 
G lucose was added to  h a l f  o f  t h i s  medium and 
sodium p o ly p e c ta te  to  th e  o th e r  h a l f ,  b o th  a t  th e  r a t e  
o f  10 grams p e r  l i t r e .  The media were s t e r i l i z e d  in  
th e  manner d e sc r ib e d  in  S e c tio n  2 b ( i ) ( b )  and d ispensed  
in  25ml q u a n t i t ie s  in  p re v io u s ly  s t e r i l i z e d  25Gmi 
B rlenm eyer f la s k s .  They were th en  in o c u la te d  from 
c u l tu re s  o f  C. d u n e n s is . M. grammopodia# P s a th v re l la
3 7âB B O à llâ i amnumhlla. ^  and E_1 Nbloh were
a c t iv e ly  growing on m alt e x t r a c t  a ^ r  f o r  th r e e  weeks. 
The experim ent was s e t  up in  d u p lic a te  and th e  f la s k s  
in cu b a ted  a t  23*C. A f te r  fo u r  weeks, th e  c o n ten ts  o f  
th e  d u p lic a te d  f la s k s  were mixed and f i l t e r e d  t h r o u ^  
g la s s  wool and ^ u s e .  The f i l t r a t e  was reg ard ed  a s  an  
** enzyme extract** and was used  to  determ ine th e  lo s s  o f  
v i s c o s i ty  o f  sodium p o ly p e c ta te .
The "enzyme extracts** were b u ffe re d  a t  pH 5*3 and 
pH 7*0 w ith  sodium a c e t a t e / a c e t i c  a c id  b u f f e r  and when 
th e y  were no t u sed  w ith in  one hou r o f  f i l t r a t i o n ,  th ey  
were s to r e d  in  a  deep f re e z e , A co n s tan t tm ap era tu re  
Warburg w ate r b a th  was s e t  up a t  a  tem p era tu re  o f  
29,4^C ( j  0 ,0 5 ) , A Cannonr-Penske v isc o m e te r B s/lp /C P  
s iz e  300 was u se d .
There were two enzyme e x t r a c ts  p e r  fungus, ( i )  a  
** g lucose  enzyme extract** where th e  fungus v;as grown on 
th e  b a s a l  medium + g lucose  and ( i i )  a  " p e o ta te  eniqnae 
e x tra c t"  where sodium p o ly p e c ta te  had been added to  th e  
b a s a l  medium,
P or each ftmgus 6 x  100ml Erlenm eyer f la s k s  were 
u se d , each w ith  lOml o f  b u f f e r  a t  pH 5 ,3  and two a t  
pH 7«0t one a t  each pH had 3ml ** g lucose enzyme extract** 
and th e  o th e r  had 5ml **p e o ta te  enzyme e x t r a c t " .  The 
two l a s t  ( o f  th e  6) were g iven  pH 7 ,0  and "g lu c o se -  o r  
pec t a t  e-en^rm e e x tra c t"  and were b o ile d  in  a  double 
b o i l e r  f o r  t h i r t y  m in u tes . These se rv ed  a s  c o n t ro ls .
To g e t an  id e a  o f  th e  q u a n t i ty  o f  enzyme which was 
produced by th e  fu n g i, 0,4mg o f  commercial p e c tin a s e  
(S igna London Chem, C o,) was d is s o lv e d  in  100ml 
s t e r i l i z e d  d i s t i l l e d  w a te r. U sing  4ml o f  t h i s  s o lu t io n  
lA ich  c o n ta in s  0,0l6m g p e c tin a s e ,  th e  lo s s  o f  v i s c o s i ty
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o f  1#2{G Bodiun p o ly p e o ta te  was detexminad* The flow  
o f  w a te r  was a l s o  determ ined  in  o rd e r  to  o a lc u la te  th e  
v is o o e i ty  loesea#
A ll th e  f la s h s  were p lugged  w ith  c o tto n  wool, th e  
c o n te n ts  were homogenised hgr sh ak in g  and p a r t i a l l y  
suhmerged in  th e  w a te r  h a th . A f te r  tw elve h o u rs , th e  
l iq u id  in  eaoh f l a s k  was poured  in  th e  v isc o m ete r and 
re tu rn e d  to  th e  w a te r  h a th  f o r  f i f t e e n  m inutes fo r  
e q u i l ib r a t io n  b e fo re  any read in g s  were ta k e n . A t o t a l  
o f  s i x  read in g s  was tak en  f o r  eaoh m ix tu re  and an  
av erag e  o a lo u la te d . The v isc o m e te r  was washed w ith  
chromic a c id ,  r in s e d  w ith  d i s t i l l e d  w ate r and d r ie d  in  an  
oven betw een each s e t  o f  re a d in g s .
Bach enayme t e s t  was re p e a te d  th r e e  tim es but th e  
r e s u l t s  %Aich a r e  shown in  T ab le 3 were ta k en  from a 
s in g le  experim ent. The r e s u l t s  o b ta in ed  from a l l  th e  
e3q>eriments were in  c lo s e  ag reem en t. The r e s u l t s  show 
th e  Misyme a c t i v i t y  ex p ressed  a s  a  p e rcen tag e  lo s s  in  
v i s c o s i ty  c a lc u la te d  ac co rd in g  to  th e  fo zn u la  u sed  by 
Robos, B ararett and Thtum (1952)* P^rombelon and Hadley 
( 1984) .  A ccording to  th e  fo rm ula , v i s c o s i ty  ■ A.
^  ^
A ■ ______________ X  1 0 0
id iere # flow  tim e in  seconds u s in g  b o ile d  f i l t r a t e
m flow  tim e in  seconds u s in g  a c t iv e  f i l t r a t e
V m flow  tim e in  seconds u s in g  w a te r
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S S I Ê - 5
ParoTOteiw lo a a  io  vlB oosi-ty o f  BOdfaiw p o ly p eo ta t#
Fungi
Grown on Glucose Grown on P e c ta te
pH 3#5 pH 7 .0 pH 5 .5 pH 7 .0
Conocybe dunensis 5 .9 2 .3 78 .8 22 .2
M elanoleuca grammopodia + 6 .0 2 4 .0 8 9 .3 82 .2
P s a th y re l la  ammophila 3 .7 + 1 .2 6 .0 7 .6
P ez iza  ammophila 3 .7 10 .5 9 .5 10 .5
A 1 6 .2 13 .8 23 .6 23 .9
E 1 11.7 0 .8 9 2 .0 91 .2
Commercial o e c tin a s e  oH 5 .5
91.3 sH.Tt.q33.7
R ecu its
a b i l i t y  o f  th e  fo n g i to  produce p e c t in o ly t ic  
eneymeCs) which i s  ( a r e )  cap ab le  o f  b rea k in g  down sodium 
p o ly p e c ta te , i s  shown in  Table 3* I t  was found th a t  
a l l  s ix  fu n g i were capab le  o f  p roducing  some amount o f  
p e c t in o ly t ic  ensyme e x t r a c e l lu la r ly #  Di a l l  c a se s , 
th e  lo s s  in  v i s c o s i ty  o f  1 .2^  sodium p o ly p e c ta te  was 
g r e a te r  when th e  " p e c ta te  engyme extract** was used  -  a  
su g g e s tio n  th a t  th e  enssyme i s  a d a p tiv e  to  a  c e r ta in  
e x te n t .  Loss in  v i s c o s i ty  was b e t t e r  a t  pH 3#5 th an  
a t  pH 7 .0  in  abou t 30^ o f  th e  c a s e s .
The r e s u l t s  su g g est th a t  0 . dunensis produces a  
la rg e  amount o f  p e c t in o ly t ic  enzyme when grown on p e c ta te  
and t h i s  en^rme h y d ro ly ses  sodium p o ly p e c ta te  a t  pH 3 .3  
to  a  g r e a te r  e x te n t th a n  a t  pH 7 .0 . Even a t  pH 7#0 
th e  lo s s  in  v i s c o s i ty  was much mere th a n  th a t  produced
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lâtan th e  fhrngue was grown on glaoose*
&i N. ggammonimiA- + 6 .0 ^  i s  shown f o r  pH 5 .5  grown 
o n  g lu o o ee . T his i s  because th e r e  was an  in c re a se  in  
v is c o s i ty  over th a t  o f  th e  b o i le d  c o n tro l ,  a  s i t u a t io n  
which th e  w r i te r  cannot escplain b u t one th a t  i s  no t un ­
common in  v is c o e im e tr ic  d e te rm in a tio n s , ( s t r i d e r  and 
W instead I 96I )#  The " p e c ta te  ensyme e x tra c t"  caused a  
lo s s  in  v i s c o s i ty  o f  89#3gG a t  pH 3#3 and s l i g h t l y  le s s  
(Ô2.2J() a t  pH 7#0. The "g lu c o se  enzyme ex tx ac t"  
caused a  lo s s  o f  a s  much a s  24$^  a t  pH 7#0, I t  can , 
th e r e f o r e ,  be concluded th a t  Ha jerammcpodia i s  capab le  
o f  p ro d u c in g  p e c t in o ly t ic  ensyme even in  th e  Absence o f  
p eo ta te s#
In  P s a th y re l la  ammophila. th e  v i s c o s i ty  lo s s e s  were 
alw ays v e ry  low# Again th e  "g lu c o se  enzyme e x tra c t"  
caused an  in c re a se  o f  1#2^ in  v i s c o s i ty  a t  pH 7*0#
From th e s e  r e s u l t s ,  i t  would ap p e a r  th a t  t h i s  fungus 
does n o t produce much p e c t in o ly t ic  enzyme u n d er th e  con­
d i t io n s  o f  th e  experim ent*
A s im i la r  co n c lu sio n  can be dzawn f o r  P ez iza  
a s  f o r  P s a th y re l la  ammophila.
The r e s u l t s  o b ta in ed  f o r  A 1 a r e  a l s o  r e l a t iv e ly  
low b u t a  g r e a te r  lo s s  o f  v i s c o s i ty  was o b ta in ed  w ith  th e  
" p e c ta te  enzyme e x tra c t" *  In  t h i s  c a se  th e  pH range 
o ver which th e  r e a c t io n  ta k e s  p la c e  i s  p ro b ab ly  w ider 
s in c e  b e t t e r  r e s u l t s  were o b ta in e d  a t  pH 7*0#
H-J. on th e  o th e r  hand, had v e ry  low r e s u l t s  w ith  
"g lu c o se  enzyme e x t r a c t " , and v e ry  h i ^  read in g s  w ith  
th e  " p e c ta te  enzyme e x t r a c t " .  There w as^ s lig h t 
d if f e re n c e  in  th e  lo s s  o f  v i s c o s i ty  a t  th e  two pH
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l e v e l s .  The lo e s  in  v is o o s l ty  was even g r e a te r  th an  
th a t  oansed hy th e  oommeroial p eo tin ase#  
aiBglMBlQn
These r e s u l t s  a r e  p robab ly  m eaningless u n le s s  
som ething i s  known abou t p e c tio  su b stan ces  and th e  enzyme 
system s a s s o c ia te d  w ith  them. A b r i e f  d e s c r ip t io n  o f  
th e s e  w i l l  fo llo w .
P e c tio  su b stan o es a r e  composed p r in c ip a l ly  o f  
re s id u e s  o f  m onogalacturonic a c id  lin k e d  th rough  posi«* 
t io n s  1 and 4 in  l i n e a r  ch a in s  o f  v a r io u s  le n g th s .
P e c tio  a c id  i s  th e  term  a p p l ie d  to  th o se  p e c tio  sub­
s ta n c e s  which a r e  composed o f  c o l lo id a l  p c ly ^ la o tu r c n i e  
a c id  f r e e  from m ethyl e s t e r  g ro u p s. P e c tio  a c id  forms 
s a l t s  w ith  v a r io u s  c a tio n s  to  form p e o ta te s ,  an  example 
o f  which i s  sodium p o ly p e c ta te . When a  h i ^  propor­
t io n  o f  th e  oarboay l groups a r e  e s t e r i f i e d ,  th e  sub­
s ta n c e  i s  known a s  p e c t in ,  (K e rte s s  1931)•
- 0-
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T his i s  a  diagram  o f  p o ly g a la o tu ro n ic  a c id  co»» 
s i s t i n g  o f  th re e  g a la o tu ro n ic  a c id  re s id u e s  lin k e d  in  
1*4 p o s i t io n s .  The cha in  co u ld  be con tin u ed  
i n d e f in i t e l y .
The nam«s g iven  to  th e  p e c t in o ly t ic  enaymes have 
been mewoy b u t th o se  u sed  by S r iv a s ta v a , Echandi and 
Walker (1939)# w i l l  be used  in  t h i s  d is c u s s io n .
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P e c t in  m ethyl e s te r a s e  c a ta ly s e s  th e  h y d ro ly s is  o f  
th e  m ethyl e s t e r  group form ing m ethanol and p e o t in ic  o r  
p e c tio  a c id s .  I t  cccu rs  c h ie f ly  in  h i ^ e r  p la n ts  b u t 
a ls o  in  some fu n g i, f o r  exEusple, a  sm all q u a n t i ty  i s  p ro -  
ctnoed tar RhiBOPoa g to lo n l f e r .  (S r iv a s ta v a  a t  a l ,  1959). 
A nother p e c t in o ly t ic  ensyme i s  p o ly g a lac tu ro n ase  and i s  
known to  be formed on ly  by m icro -o rgen ism s, e .g .  
Cladosnorium  oucumerinam ( s t r i d e r  and  W instead, I 961) ,  
Pythium aiAanidermatum (W instead and McCombs, 1961) 
and Pyrenochaeta te r r e s t r i jq  (Keen and H orton , 1966) .
I t  c a ta ly s e s  th e  h y d ro ly s is  o f  g ly c o s id io  bonds o f  th e  
p e c tio  ohain# b rea k in g  th e  l a t t e r  to  p o ly g a la c tu ro n ic  
a c id s  o f  d e c re a s in g  m olecu lar w e i ^ t ,  e v e n tu a lly  form ing 
m onogalacturonio  a c id .
P e c tio  depolym erase a l s o  c a ta ly s e s  th e  h y d ro ly s is  
o f  g ly c o s id io  bonds o f  th e  p e o tio  ch a in  b u t i t  d i f f e r s  
from p o ly ^ la c tu ro n a s e  in  th a t  th e  h y d ro ly s is  i t  causes 
does no t p roceed  to  th e  p o in t where m onogalacturonio 
a c id  i s  formed. I t  i s  a l s o  produced by b a c te r ia  and 
fu n g i, e .^ .  UhlzQpus s t o l o n i f e r . (S r iv a s ta v a  e t  a l ,
1959).
From th e  above d e s c r ip t io n  o f  th e  p e c t in o ly t ic  
enzymes, i t  can be assumed t h a t  C. d u n en s is .
M. grammopodia and wars a b le  to  sy n th e s iz e  
p o ly g a lac tu ro n a se  s in c e  th ey  caused  more ré d u c tio n  in  
v i s c o s i ty  su g g e s tin g  th e  sm a lle r  m o lecu lar w e i ^ t  o f  th e  
end p ro d u c t, W iereas th e  o th e r  fu n g i were a b le  to  syn ­
th e s iz e  p e c t ic  depolym erase o r  on ly  a  v e ry  sm all amount 
o f  p o ly g a la c tu ro n a se .
Many w orkers have in v e s t ig a te d  th e  p ro d u c tio n  o f  
p e c t in o ly t ic  enzymes by th e  low er fu n g i and b a c te r ia  b u t 
th e  l i t e r a t u r e  la ck s  evidence th a t  th e se  enzymes a r e
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produced by th e  h i ^ e r  fu n g i. Kany o f  th e  in v e s tig a ­
t io n s  have been c a r r ie d  out w ith  re sp e c t to  th e  patho­
g e n ic i ty  o f  th e  fu n g i on th e  h ig h e r  p la n t s .  The p ara ­
s i t i c  a t t a c k  o f  p la n t  t i s s u e s  by f a c u l ta t iv e  n ic r o -  
orgEtnisms has o f te n  been a s s o c ia te d  w ith  th e  a b i l i t y  o f  
th e  pathogen to  produce p e c tio  enonmes.
H usain and Rich (1958) s tu d ie d  th e  e x t r a c e l lu la r  
p e o to ly t ic  enzymes o f  Cladosporium  cucumerinum. an 
im portan t pathogen cau sin g  th e  scab  o f  cucumber. They 
found t h a t  enzyme a c t io n  i s  an  im portan t p a r t  o f  th e  
path o g en ic  p ro c e sse s  o f  t h i s  d is e a s e .  They t h o u ^ t  
th a t  th e  c e l l s  were k i l l e d  in  advance o f  a c tu a l  in v a s io n  
o f  th e  pathogen p ro b ab ly  because th e  c e l lu lo s e  o f  th e  
c e l l  w a lls  in  s u s c e p tib le  t i s s u e  was a l t e r e d .  They 
d e te c te d  th e  p ro d u c tio n  o f  p o ly ^ la c tu ro n a s e  in  t h e i r  
v is o o s im e tr ic  experim ents and b e lie v e d  th a t  th e  d i s i » -  
te g r a t io n  o f  cucumber t i s s u e s  was p a r t ly  caused by t h i s  
enzyme produced by th e  pathogen .
S r iv a s ta v a , Echandi and W alker (1959)# found th a t  
Rhizotms s t o l o n i f e r . th e  cause o f  s o f t  r o t  o f  sweet 
p o ta to , produced sm a ll amounts o f  p o ly g a lac tu ro n a se , 
p e c t io  depolym erase and v e ry  l i t t l e  p e c t in  m e th y le s te ra s e , 
in  c u l tu r e  media b u t la rg e  q u a n t i t i e s  o f  a l l  th r e e  on raw 
sweet p o ta to e s .  F u r th e r  s tu d ie s  were c a r r ie d  cu t by 
S riv a s ta v a  and W alker (1959) when th e y  developed th e  
"w e ll method" Wiioh th ey  u sed  to  s tu d y  th e  mechanism 
o f  in f e c t io n  o f  sw eet p o ta to  by Rhizonus s to l o n i f e r .
The " w e ll method" (making a  w e ll in  a  h e a lth y  p o ta to  and 
u s in g  th a t  a s  th e  s i t e  o f  in o c u la t io n )  was developed to  
v e r i f y  th e  s ta tem en t o f  H a r te r ,  Weimer and Adams 
( S r iv a s ta v a  and W alker 1959) t h a t  th e  pathogen
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p e n e tr a te s  p r im a r ily  i f  no t e n t i r e ly  t h r o u ^  wounds. 
S riv a s ta v a  and W alker found t h a t  in f e c t iv e  hyphae were 
capab le  o f  p a r a s i t i c  a c t i v i t y  b u t n o t th e  germ inating  
sp o res  and concluded th a t  th e  p e o to ly t ic  enzymes a lo n e  
were n o t re sp o n s ib le  f o r  th e  p a ra s i t is m  o f  th e  fungus 
s in c e  an  a d d i t io n  o f  th e  enzyme to  th e  sp o re  suspension  
d id  n o t cause ra p id  in f e c t io n .  They t h c u ^ t  th a t  seme 
o th e r  m e ta b o lite  m ight be a l s o  re s p o n s ib le .
W instead and McCombs ( 1961) ,  re p o r te d  th a t  Pvthium 
whloh in o i te s  a  o o ito a y - le a k  d ise a se  o f  
cucumber, produced depclym erase and endopolygalao tu ronase 
in  c u l tu r e  f i l t r a t e s  and th e s e  degraded sodium poly­
p e c ta te  in to  sm a lle r  frag m en ts . They found th a t  th e re  
was g r e a te r  re d u c tio n  in  v i s c o s i ty  by p o ly g a lac tu ro n a se  
when th e  fVingus was grown on  g lu co se  th an  on sodium 
p o ly p e c ta te .
A h i ^  c o r r e la t io n  between p a th o g e n ic ity  and produc­
t io n  o f  p e c tio  enzymes in  v i t r o  was dem onstrated  by 
B arker and Walker (1982) on s t r a i n s  o f  P e l l i o u la r ia  
f ila m e n to e a .  Leal and V illan u ev a  ( 1962) found h i# i  
p e o to ly t ic  a c t i v i t y  w ith  a l l  th e  path o g en ic  s t r a in s  o f  
V ^ p tio illiu m  sp e c ie s  whereas no a c t i v i t y  was d e te c te d  in  
th e  non-pathogen ic  s t r a i n s .
Keen and H orton ( 1966) ,  re p o r te d  th a t  th e re  was a  
h i ^  p ro d u c tio n  o f  p o ly g tla c tu ro n a se  from onion ro o ts  
in f e c te d  by P vrenochaeta  t e r r e s t r i s  th an  from non­
in fe c te d  r o o ts .  They s ta te d  th a t  th e  s y n th e s is  o f  
p o ly ^ la o tu ro n a s e  d u rin g  p a th o g en es is  su g g es ts  
involvem ent o f  th e  enzyme in  fu n g i 1 r a m if ic a tio n  o f  
h o s t t i s s u e s .
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On th e  o th e r  hand , Peromhelon and Hadley ( 1964) ,  
prodnoed r é s u l t a  showing th a t  pa th o g en ic  and sym bio tic  
s t r a i n s  o f  R h iaoo ton ia  s o la n i  and  a l s o  ty p ic a l  o rch id  
sym bionts were cap ab le  o f  p rod u cin g  a  v a r ie ty  o f  p e c t io  
enzymes in  q u a n t i t ie s  u n re la te d  to  t h e i r  sym bio tic  o r  
p a r a s i t i c  c h a ra c te r .  They, th e r e f o r e ,  concluded th a t  in  
n y c o rrh ia a  h o st-en d o p h y te  sy stem s, p e c tio  enzymes may 
w e ll be o f  secondary  im portance and may be sy n th e s iz ed  
by a l l  ty p e s  o f  endophytee o n ly  a s  and when re q u ire d  
e .g .  f o r  th e  passage  o f  hyphae t h r o u ^  c e l l  w a lls .
I t  may be expected  th a t  th e  n a tu re  o f  th e  chem ical 
and p h y s ic a l a s s o c ia t io n  o f  g a la c tu ro n id e s  and non- 
g& lactu ron ides ( e .g .  c e l lu lo s e )  o f  th e  c e l l  w a ll w i l l  
determ ine th e  e x te n t to  which p e c t io  su b stan ces  undergo 
enzymic d eg rad a tio n  in  p la n t  t i s s u e s .  The n a tu re  o f  
th e  a s s o c ia t io n  w i l l  v a ry  from sp e c ie s  to  s p e c ie s , from 
one t i s s u e  to  a n o th e r  and w ith in  th e  same t i s s u e  
depending upon i t s  n u t r i t i o n a l  s t a tu s  and i t s  ag e , 
(E la ro s i  1958)# E dgington , Corden and Dimond ( I 96I )  
s ta te d  th a t  calcium  d e f ic ie n t  tom ato p la n ts  were more 
s u s c e p tib le  to  Pusarium  w il t  th a n  normal p la n ts  and 
p la n ts  which were t r e a te d  w ith  a -n ap h th a len e  a c e t i c  
a c id  which induces calcium  b en d in g . S ince  th e  m iddle 
la m e llae  a r e  made up o f  calcium  p e c ta te ,  th en  in  c a l­
cium d e f ic ie n t  p la n ts  th e  p e c t io  m a te r ia l  i s  su b je c t to  
h y d ro ly s is  by p e c t io  enzymes o f  th e  pathogen . Treatm ent 
w ith  calcium  and growth r e g u la to r  may a l t e r  h o s t r e s i s ­
ta n c e  to  th e  pathogen by changing th e  c h a ra c te r  o f  th e  
h o s t p e c t io  su b stan ce s  in  such a  manner a s  to  make them 
r e s i s t a n t  to  h y d ro ly s is  by th e  pathogen .
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The a b i l i t y  to  e la b o ra te  p e c t io  enzymes i s  w idely  
d i s t r ib u t e d  among organism s, s in c e  many m icro -o rgu iism s 
BRist d e a l w ith  p e o tio  su bstanoes in  t h e i r  m etabolism  
(Bateman and  M il le r ,  1)66)# T h e ir  a b i l i t y  to  prodnoe 
p e c tio  enzymes, th e r e f o r e ,  does n o t in d ic a te  th a t  th e y  
p o ssess  pa th o g en ic  p o te n t i a l i t i e s #  I t  i s  s ig n i f ic a n t  
th a t  many p a thogen ic  fh n g i a r e  capab le  o f  s y n th e s is in g  
p e c t io  enzymes (H usain  and R ich , I 958 ; B arker and 
W alker, 1962; and L eal and V illa n u e v a , 1962) ,  bu t t h i s  
i s  on ly  one o f  th e  fh c to r s  in v o lv ed  in  pathogenesis#  
Where d i r e c t  p e n e tr a t io n  o f  th e  h o s t i s  in v o lv ed , i t  i s  
p o s s ib le  th a t  p e o to ly t ic  enzymes may be invo lved  
to g e th e r  w ith  o th e rs  e#g# o e l lu la s e ,  in  e f f e c t in g  th e  
b reak in g  o f  th e  h o s t c e l l  w all#  S ince  th e  enzyme 
causes m aoeration  o f  h o s t t i s s u e s  i t  m i ^ t  in d i r e c t ly  
f h o i l i t a t e  th e  in v a s io n  o f  th e  t i s s u e s  by a  pathogen#
In  most o f  th e  c a se s  c i t e d  above , th e  p e c t in o ly t ic  
enzyme was re p o r te d  f o r  or^m isB is grown in  cu ltu re #
T his would su g g est t h a t  th e  enzymes may be more impor­
t a n t  in  th e  sa p ro p h y tic  phase o f  th e  development o f  some 
p la n t  pathogens (Hancock and M il la r ,  196$)#
In  l i ^ t  o f  th e  above o b se rv a tio n s , i t  can be 
assumed th a t  s in c e  th e  fu n g i on which th e  p re se n t experi« 
ment was c a r r ie d  out a r e  cap ab le  o f  e y n th e s is in g  
p e c t in o ly t ic  enzymes, i t  i s  p c s s ib le  th a t  th e y  p o ssess 
p a th o g en ic  p o t e n t i a l i t i e s #  On th e  o th e r  hand , t h e i r  
a b i l i t y  to  produce p e c t in o ly t ic  enzymes in  v iv o  was 
n o t in v e s t i ^ t e d #  C onsequently , th e re  i s  no evidence
4 7
th a t  th e y  do so  In  n a tu re .  These enzymes may he 
p la y in g  a  muoh more im portan t r o le  in  t h e i r  sap ro iA y tio  
l i f e  (Hanoock and  M il la r ,  I 965) and  th e y  may he syn­
th e s iz e d  i f  and when necessazy  by th e  fu n g i , e#g. when 
th ey  invade new s u b s t r a te s  a s  th ey  grow th rough  th e  
s o i l  o r  th rough  l iv in g  o r  dead p la n t  t is s u e s *
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4o (11) C allttlo L T tlc  Kngames
Iftt&Sâ
The o e l lu lo ly t io  p ro p e r t ie s  o f  th e  fu n g i were de­
te rm in ed  q u a l i t a t i v e l y  by growing them on s o l i d i f i e d  
n u t r ie n t  a g a r  w ith  ( i ) ,  h a l l - e a i l le d  c e l lu lo s e  .+ s t a r t e r  
g lucose  and  ( i i ) ,  c a rb o ay m eth y lce llu lo se  + s t a r t e r  
g lu c o se . P o s i t iv e  r e s u l t s  were o b ta in ed  in  some c a s e s .
I t  i s  a  w ell e s ta b l is h e d  p r a c t ic e  f o r  fu n g i to  be 
q u a l i t a t i v e l y  t e s t e d  f o r  t h e i r  a b i l i t y  to  b reak  down 
c e l lu lo s e  on a g i r  p la te s  c o n ta in in g  a  medium w ith  p r e ­
c i p i t a t e d  c e l lu lo s e .  The p ro d u c tio n  o f  e x t r a c e l lu la r  
c e l l u l o l y t i c  enzymes shou ld  transfozm  th e  in so lu b le  
c e l lu lo s e  in to  s o lu b le  su g ars  p roducing  c l e a r  zones 
abound th e  fungpl c o lo n ie s . The method employed in  th e  
c u r re n t work i s  th e  same a s  t h a t  used  by N orkrans ( ip g o ) 
w ith  %Aich she determ ined  th e  c e l l u l o ly t i c  p ro p e r t ie s  o f  
d i f f e r e n t  Trioholom a s p e c ie s .  The fo llo w in g  medium was 
u se d ;—
C e llu lo se  * 5 .0  grams
2 .0  "
HKHgPO  ^ 0 .6
KgHPO  ^ 0 .4  "
M^O^.THgO 0 .5  "
F e r r ic  c i t r a t e  5#0 mgs
ZnSO^.THgO 4 .4  "
MnS0^.4Hg0 5 .0  "
CaClg 55.2 "
D ifco  a g a r  15*0 grams
Glucose 0 .75  "
D i s t i l l e d  w ate r 1000 ml
* o r  carboxym ethy Ice llu lo s e which d id  n o t go in to  
s o lu t io n  b u t produced an  opaque medium.
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N orkrans (1950) u sed  e i t h e r  chopped and washed 
f i l t e r  p ap e r, p r e c ip i ta t e d  c e l lu lo s e  o r  c e l lu lo s e  com­
b in ed  w ith  d i f f e r e n t  amounts o f  g lucose  (lO  o r  gO mg p e r  
d i s h ) .  Her esqperiment ran  f o r  45 days and she found 
th a t  th e  amount o f  c e l lu lo s e  decomposed was in v e rs e ly  
p ro p o r tio n a l to  th e  amount o f  g lucose  added to  th e  
medium#
In  th e  p re se n t in v e s t ig a t io n ,  b a l lm il le d  c e l lu lo s e  
(Whatman*8 s ta n d a rd  grade c e l lu lo s e  powder) and 
o a rb o sy m e th y Ice llu lo se , b o th  s o ld  f o r  chrom atography 
p u rp o ses , were u sed  a s  th e  m ajor carbon source#
Glucose was added w ith  th e  hope t h a t  i t  would be ju s t  
s u f f i c i e n t  to  enab le  th e  fUngi to  s t a r t  growing#
The s o lu t io n s  were s t e r i l i z e d  by a u to o la v in g , ( s e e  
S e c tio n  2 b ( i ) ( b ) .  While p o u rin g  in  p l a s t i c  p e t r i  
p l a t e s ,  th e  f la s k s  were c o n s ta n tly  shaken to  f a c i l i t a t e  
equal d i s t r ib u t io n  o f  th e  c e l lu lo s e  p a r t ic le s #  The 
in o c u la te d  p la te s  were in cu b a ted  a t  23*C and examined 
every  th r e e  o r  fo u r  days#
The fu n g i u sed  were dunensis#  P s a th y re l la
âaaakàUâf M^Mjs3smsssâi&$ Pga&xm £toas2M
ssm i-o v a tu s . E J , ,  ^  and Trioholom a nudum, a  known 
c e l lu lo s e  decom poser, (Nozkzans, 1950) which was u sed  a s  
a  t e s t  fUngus#
The la y e r  o f  a g a r  in  th e  p e t r i  d ish e s  had to  be t h in  
to  enab le  even sm a ll q u a n t i t ie s  o f  decom position  to  be 
e a s i ly  de tec ted #  At th e  same tim e m a jo rity  o f  th e  fu n g i 
grew vezy slow ly  and  in  a  s h o r t  tim e th e  a g a r  d r ie d  ou t 
i f  th e  la y e r  was to o  th in .  F u r th e m o re , a l l  n a tiv e  
c e l lu lo s e ,  p r e o ip i ta te d  c e l lu lo s e ,  f i l t e r  p a p e r, wood 
c e l lu lo s e  and dewaxed c o tto n  re q u ir e  a  lo n g  tim e f o r  
decom position , (N orkrans, 1950)# I t  was, th e re fo r e .
50vezy d i f f i c u l t  to  d e te c t  c le a r in g  o f  th e  media and 
sm all q u a n t i t i e s  cou ld  have been overlooked# There­
fo re ,  th e  p la te s  were examined m ic ro sc o p ic a lly  and a  
marked d if fe re n c e  between th e  c o n c e n tra tio n  o f  c e l lu lo s e  
f ib r e s  u n d er and around  th e  c o lo n ie s  was used  a s  a  
p o s i t iv e  r e s u l t#
The r e s u l t s  o f  t h i s  experim ent a r e  shown in  P la te s  
30- 40# None o f  th e  fu n g i which were u sed  in  t h i s  
in v e s t ig a t io n  was a b le  to  b rea k  do%m b a l l -m i l le d  
c e l lu lo s e  up to  th e  c lo s e  o f  th e  esqperiment which 
la s te d  f o r  e i ^ t  weeks# F ive  o f  them , P . sem i-ovatt^s. 
T. m iitn a . and c .  daoooposed
ca rb o x y m eth y lce llu lo se  -  a  c e l lu lo s e  d e r iv a tiv e #
At th e  end o f  two weeks, P . sem i-ovatus had 
developed p ro fu se  growth on th e  a g a r  and c l e a r  zones 
were p re s e n t around th e  fUngal growth# At t h i s  tim e 
no o th e r  fungus was showing such p o s i t iv e  r e s u l t s  f o r  
c e l lu lo s e  decom position#
At th e  end o f  th r e e  weeks, T. nudum had s ta r t e d  to  
b reak  down th e  c e l lu lo s e  f ib r e s  in  th e  carboxym ethyl— 
c e l lu lo s e  h u t no t enough to  oause d i s t i n c t l y  c le a r  
zones. th e  end o f  fo u r  weeks, th e  myoelium had
covered th e  a g a r  s u r fa c e  and ev idence o f  c le a r in g  was 
obvious u n d er a  m icroscope a t  xlO m ag n ifica tio n #
P la te  31 shows th a t  most o f  th e  f ib r e s  had d isap p ea red  
by then#
A J. showed s ig n s  o f  decom position  a f t e r  th re e  weeks 
(P la te  39) and by th e  end o f  f iv e  weeks most o f  th e  
f ib r e s  in  th e  v i c i n i t y  o f  th e  o ld e r  hyphae had been
PLATE 30
D ecom position o f  carb o x y m eth y lce lliilo se  (CMC) by 
Panaeolus se m i-o v a tu s . Arrow p o in ts  to  fragm ents 
o f  CMC l e f t  undemomposed a f t e r  two weeks*
PLATE 31
Trioholom a nudum growing on CMC f o r  th re e  weeks 
Most o f  th e  f ib r e s  have been decomposed*
m ,  ' ' m ;
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PLAYE 32
C. dunensis on ca rb o x y m eth y lce llu lo se  fo r  s ix  
weeks* ITo decom position in  the re g io n  o f the  
h y rh a l t i p s .
PLATE 33





M# grammopodia growing on ca rb o x y m eth y lce llu lo se  
f o r  s ix  weeks. ITo decom position o f  th e  f i b r e s .
PLATE 35
P s a th y re l la  ammophila growing on ca rboxym ethy lce llu lo se  
f o r  s ix  weeks. îîo d eg rad a tio n  o f  th e  f i b r e s .
PLATE 36
P ez iza  ammophila growing on carb o x y m eth y lce llu lo se  
f o r  s ix  weeks. No d eg rad a tio n  o f  th e  f i b r e s .
%
PLATS 37
E 1 growing on ca rb o x y m eth y lce llu lo se  f o r  s ix  
weeks. No d eg rad a tio n  in  the  young re g io n s .
PLATE 38
S 1 growing on ca rb o x y m eth y lce llu lo se  f o r  s ix  
weeks. The f ib r e s  a re  be in g  decomposed, in  th e  
o ld e r  re g io n s .
c
PLATS 39
A 1 growing on ca rb o x y m eth y lce llu lo se  f o r  th re e  
weeks, F ib re s  undergoing decom position .
PLATE 40
A 1 growing on ca rb o x y m eth y lce llu lo se  f o r  f iv e  
weeks. Most o f  the  f ib r e s  have been decomposed*
V-- y
y r'




51decomposed, ( P la ie  40)# The enzyme seems to  be 
a d a p tiv e  and i s  n o t produced u n t i l  th e  fUngus i s  w ell 
e s ta b l is h e d .
In  Ç,. dunensis and  E__l. th e  r a t e  o f  decom position 
was even slow er th a n  th e  o th e rs  and c le a r in g  was observed 
a f t e r  s i x  weeks and even th e n  th e  amount o f  o e l lu la s e  
a c t i v i t y  was r e l a t i v e l y  sm all ( P la te s ,  32, 33, 37 and 3 8 ). 
This su g g e s ts  th a t  th e  enzyme i s  d e f in i t e ly  a d a p tiv e  o r  
th a t  th e  amount th a t  was produced by th e s e  fu n g i was 
n e g lig ib le #
P la te s  34, 35 and 36 show th a t  th e re  was no degra­
d a tio n  o f  th e  c e l lu lo s e  f ib r e s  w ith  M. grammopodia. 
P a a th y re ll^  and P e g j »  ammophila.
ItiBOUWBiQa
Some fu n g i have been found to  be a b le  to  produce 
enzymes in  c u l tu re  which can h y d ro ly se  so lu b le  c e l lu lo s e  
d e r iv a t iv e s ,  e .g .  R higootottia  B Q laai. (Bateman, 1964) .  
These c e l lu la s e s  which a r e  produced in  c u l tu r e  a r e  
c a l le d  C^. O ther fu n g i a r e  a b le  to  produce enzymes 
which can  h y d ro ly se  d e riv e d  c e l lu lo s e  and  n a t iv e  
c e l lu lo s e ,  e .g .  Pusarium  oanrsporun. (H usain and  Dimond, 
i 960) .  The enzyme tchioh degrades n a t iv e  c e l lu lo s e  
has been g iven th e  name, C^.
I t  would, th e r e f o r e ,  a p p e a r  th a t  none o f  th e  fu n g i 
which were u sed  in  th e  c u r re n t in v e s t ig a t io n  was a b le  to  
produce and on ly  Q. d u n e n s is . E 1 , A 1 . P . s m i-o v a tu s  
and T#^  nudum could  produce C^#
As in  th e  ca se  o f  p e c t in o ly t ic  engymes, many in ­
v e s t  i ^ t  ions r e l a t e  th e  p ro d u c tio n  o f  c e l lu lo s e  decom­
p o sin g  enzymes w ith  p a th o g e n ic ity .
52H usain and Dimond ( i9 6 0 ) , found th a t  Fusarium 
oxrsporun was capab le  o f  d eg rad in g  n a t iv e  c e l lu lo s e  and  
d e riv e d  c e llu lo se #  C e llu la se  p ro d u c tio n  was found to  
be re sp o n s ib le  f o r  w i l t in g  in  tom ato c u ttin g s#  They 
p o s tu la te d  th a t  th e  h y d ro ly tic  p ro d u c ts  o f  c e l lu la s e  
a c t i v i t y  p rov ided  Pusarium  oxsrsoorma w ith  th e  carbo­
h y d ra te s  necessazy  f o r  i t s  co n tin u ed  development in  th e  
host#  C e llu la s e  a c t i v i t y  may a l s o  be invo lved  in  th e  
escape o f  th e  pathogen from th e  v a s c u la r  t i s s u e  in  th e  
advanced s ta g e s  o f  th e  d ise a se  when th e  h o s t i s  in  a  
dying co n d itio n #  In  t h i s  c o n d itio n  th e  h o s t t i s s u e  
w i l l  be d e p le te d  o f  s u ^ r s ;  o e l lu la s e  and p e c t in o ly t ic  
ensymes m ight be produced in  la rg e  q u a n t i t ie s  and could 
ra p id ly  d is in te g r a te  th e  h o s t dead t i s s u e s  th u s  
f a c i l i t a t i n g  th e  escape o f  th e  pathogen#
W instead and McCombs ( 1963) ,  p o in te d  ou t th a t  th e  
p ro d u c tio n  o f  symptom o f  a n th ra c tn o se  on cucumber -  
c o lla p s e  o f  t i s s u e s  in  th e  f o l ia g e  and in  th e  f r u i t ,  by 
Vi* v a r .  Q r t io a la r e .  Q. tas.neaa. and
Q, su g g e s ts  th a t  p e c t in o ly t ic  and c e l lu l o ly t i c
enzymes were in  o pera tion#  When th e s e  fu n g i were grown 
on ca rb o x y m eth y lce llu lo se  and cucumber s l i c e s ,  c e l lu la s e  
was alw ays p re se n t in  th e  f i l t r a t e s #  The v is c o s i ty  
lo s s  o f  oarbc^ùgrm ethyloellulose was alw ays h i p e s t  when 
e x t r a c ts  from th e  cucumber s l i c e s  were used#
B arker and W alker ( I 962) ,  d id  no t a s s o c ia te  th e  
p ro d u c tio n  o f  c e l lu l a s e  by R higocton ia  s o la n i  w ith  
p a th o g en ic ity #  T h o u ^  th e  fungus produced enzymes 
capab le  o f  h y d ro ly s in g  ca rb o x y m eth y lce llu lo se , they  
s a id  t h a t  t h i s  i s  d i f f e r e n t  from th e  a b i l i t y  to  a t ta c k  
c e l l  w all#  To a t t a c k  n a t iv e  c e l lu lo s e  appeared  to  be 
o f  much g r e a te r  s ig n if ic a n c e  in  p a th o g en es is  and 
sap rogenesis#
53Two y e a rs  l a t e r ,  Bateman ( 1964)1 in v e s t ig a te d  
th e  e f f e c t  o f  R. B o lan i on th e  c e l lu lo s e  in  th e  c e l l  
w a lls  o f  in fe c te d  t i s s u e s .  He found th a t  th e  c e l l  w a lls  
on th e  o ld e r  p o r tio n s  o f  le s io n s  lo s t  t h e i r  b i r é f r in g e n t  
p ro p e r t ie s  and in te r p r e te d  t h i s  a s  ev idence o f  d e s tru c ­
t io n  o f  th e  c r y s t a l l i n e  c e l lu lo s e  in  th e  h o s t by th e  
ensQrme o f  th e  fbngus. Bateman concluded th a t  th e  o e l lu -  
l o l y t l c  f a c to r s  a s s o c ia te d  w ith  th e  above symptoms were 
o f  secondazy im portance w ith  re g a rd  to  p athenogenesis  o r  
th e  i n i t i a t i o n  o f  th e  d is e a s e ,  o r  b o th , and th a t  th e s e  
fh c to rs  may be more c lo s e ly  a s s o c ia te d  w ith  th e  sap ro ­
p h y tic  a c t i v i t i e s  o f  th e  pathogen in  p re v io u s ly  k i l l e d  
t i s s u e s .
S p ald ings ( I 963) ,  found th a t  Rhizouus s to lo n i f e r  
produced c e l lu l e  l y t i c  enzymes in  v iv o  and in  v i t r o .
This fungus caused  th e  decay o f  s t r a w b e r r ie s ,  peaches 
and sw eet p o ta to e s  d u rin g  s to r a g e .  I t  produced o e llu — 
lo l y t i c  ensymes d u r in g  th e  decay o f  th e  sw eet p o ta to e s .
Both w h ite  r o t  and  brown r o t  lUngi sy n th e s iz e  
c e l lu la e e  and a r e  capab le  o f  b reak in g  down n a t iv e  c e l lu ­
lo se  (Johansson , 1966) .  The a b i l i t y  to  u t i l i z e  c e l lu ­
lo se  was regarded  by Mel in  (1948) a s  an  e s s e n t i a l  f o r  
sa p ro p h y tic  fU ngi. C heste rs  ( i 960) su g g ested  th a t  a  
dem onstra tion  o f  o e l lu lo ly t i c  a b i l i t y  in  pu re  c u l tu re ,  
(and I s o la t io n  o f  p a r t i c u l a r  fu n g i from l i t t e r  a t  
v a r io u s  s ta g e s  o f  d ec ay ), must a t  l e a s t  prove th e  po ten ­
t i a l  f o r  co m p e titiv e  sa p ro p h y tic  s u rv iv a l  in  l i t t e r .  
G a rre tt  ( 1963) found th a t  an  abundant supp ly  o f  so lu b le  
n i tro g e n  in  th e  s o i l  promoted an  In c rea se  in  th e  
s u rv iv a l  o f  fo u r  o f  th e  f iv e  fu n g i on which he ex p e ri­
m ented. He found a  p o s i t iv e  e f f e c t  o f  n itro g e n  on th e
5 4sa p ro p h y tic  s u rv iv a l  o f  a  pathogen  in  dead in fo o te d  
h o s t t is s u e s #  The a re a s  o f  eneynio  a c t i v i t y  around 
in d iv id u a l hyphae in  co lo n ized  s u b s t r a te s  e v e n tu a lly  
become exhausted  and th e  mycelium d ie s  from oazbo- 
h y d ra te  s ta r v a t io n  u n le s s  th e r e  i s  an  ad eq u a te  supply  
o f  s o lu b le  n itro g en #  This would p ex n it th e  fo rm ation  
o f  new young hyphae th a t  can e x p lo re  and decompose f re s h  
reg io n s  o f  th e  s u b s tra te s #  In  h i s  o p in io n  a  slow r a t e  
o f  c e l lu lo s e  decom position  i s  an  econom ioal r a t e  o f  
s u b s t r a te  u t i l i z a t i o n  and te n d s  to  conserve s u b s t r a te  
re se rv e s  r e s u l t in g  in  a  lo n g e r  p e r io d  o f  sap ro p h y tic  
su rv iv a l#
T h e re fo re , th e  p ro d u c tio n  o f  o e l lu la s e  has been 
lin k e d  b o th  w ith  p a th o g e n ic ity  and s a p ro g e n ic ity  and th e  
a b i l i t y  o f  a  fungus to  sy n th e s iz e  t h i s  ensyme does n o t 
make i t  a  p o te n t ia l  pathogen any more th a n  a  p o te n t ia l  
saprophyte#  Nozkrans {1963) s t a t e d  th a t  in  f h l ly  m ature 
woody t i s s u e s  th e  o( - c e l lu lo s e  amounted to  40-^CSi o f  th e  
oven d ry  m a te r ia l  b u t i n  zmzwoody t i s s u e s  o#g# in  
s traw  and  g ra sse s  th e  o e l lu lo s e  aooounted f o r  only  12^ 
o f  th e  oven d ry  w e i^ t#
The fu n g i which l iv e  on th e  sand-dunes, where th e  
amount o f  c e l lu lo s e  i s  so low cou ld  no t r e ly  e n t i r e ly  on 
t h i s  f o r  t h e i r  supp ly  o f  oarbon source# However, th e  
a b i l i t y  to  s y n th e s iz e  o e l lu la s e  cou ld  be v e ry  advazi- 
tageous t o  them b o th  f o r  t h e i r  sap ro p h y tic  a n d /o r  t h e i r  
p a th o g en ic  su rv iv a l#  S 1 and 4  1 id iich  were i s o la te d  
from th e  ro o ts  o f  and re sp e c tiv e ly #
would be a b le  to  b reak  down th e  c e l lu lo s e  c e l l  w a lls  
o f  th e  c o r t i c a l  c e l l s  o f  t h e i r  h o s t and invade new 
t is s u e s #  In  f a c t  th e y  a r e  a b le  to  do so  a s  ^
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Been from P la te s  12 and 59 where th e  fh n g i a p p a re n tly  
d ig e s te d  th e  c e l l  w a lls  o f  th e  c o r t i c a l  c e l l s  and now 
occupy th e  ly s ig en o as  c a v ity  so  formed# Conocarhe i s  
a l s o  p o te n t ia l ly  cap ab le  o f  d ig e s t in g  th e  n a t iv e  
c e l lu lo s e  o f  c e l l  w a lls .  The o th e r s ,  th a t  i s ,  
P e a th r r e l l a .  P * z lsa  and M eUnolwica id ilch  d id  no t b reak  
down c e l lu lo s e  in  c u l tu re  m i ^ t  be a b le  to  do so in  
n a tu re  where th e  c o n d itio n s  a r e  d i f f e r e n t  e#g# th e  
p resen ce  o f  o th e r  m icro -o rgan ism s, pH, tem p era tu re  and 
n u tr ie n ts #
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4o ( i l l )  PgQdaotlQO o f  P o ly n h e w l OjcidasM
In  I 93Ô D avidson, Campbell and B la is d e l l  in v e s t i— 
g^ted  210 sp e c ie s  o f  wood decay ing  Ib n g i and oonfixned 
Bavendanm*8 g e n e m liz a t io n  t h a t ,  when t e s t e d  on media 
c o n ta in in g  g a l l i c  and ta n n ic  a c id ,  some fu n g i formed a  
dark  d i f fu s io n  zone in  th e  medium a d ja c e n t to  th e  fungus 
mycelium. A ccording to  th e se  w orkers , th e  m yoelia o f  
th e s e  fu n g i produced an  e z t r a o e l lu la r  enzyme which i s  
c a l le d  po lyphenol o x id ase  o r  lacoase*  T his enzyme o a ta — 
ly se s  th e  o x id a tio n  o f  th e  po lypheno ls in  th e  ta n n ic  and 
g a l l i c  a c id s  g iv in g  r i s e  to  p ro d u c ts  c o n ta in in g  dark  
co lou red  quinones# The fUngi which a r e  a b le  to  produce 
t h i s  enzyme a r e  c a l le d  id i i te  r o t  fu n g i and th e y  a re  a b le  
to  decompose b o th  th e  l ig n in  and  th e  c e l lu lo s e  o f  wood. 
Brown r o t  fu n g i, on th e  o th e r  hand , decomposed only  th e  
o e l lu lo s e  o f  wood and g e n e ra lly  had no o x id is in g  a c t io n  
on th e  polyphenols#
M ild red  Nobles (1958) t h o u ^ t  Bavendamm*s tech n iq u e  
was good b u t lab o rio u s#  She d ev ised  a  more ra p id  t e s t  in  
Wiich a  drop o f  f r e s h ly  p rep ared  a lc o h o lic  s o lu t io n  o f  
gum guaiao  was p la ced  on th e  growing mycelium in  th e  
p e t r i  p la te s#  A o h a r a c te r i s t i c  b lu e  c o lo u r  which i s  
produced im m ediately in d ic a te s  th e  p resen ce  o f  th e  
ox idase  p roduction#  (T his method was no t u sed  because 
th e  gum guaiac  was n o t o b ta in a b le  when i t  was ordered#
The re p ly  came th a t  i t  was o u td a te d  and no t k ep t in  s to c k  
any more#)
In  th e  p re se n t experim ent, th e r e f o r e ,  th e  o ld  method 
o f  Bavendamm (Davidson e t  a l ,  1938), was u sed  to  in v e s t i ­
g a te  th e  p ro d u c tio n  o f  polyphenol ox idase  by C. d u n e n s is . 
H. grammopodia# P s a th y r e l la  ammoi^ila# P e s is a  aramophila#
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PoLTPOroB betallm iB  and Polyporae ab iatinaa»
The l a s t  two were u sed  a s  t e s t  fu n g i -  th e  i s o l a t e  o f  
P . h e tu l in o s  u sed  g iv in g  a  n e g a tiv e  r e a c t io n  and 
P . ab ie tin u B  a  s tro n g  p o s i t iv e  r e a c t io n  on th e  g a l l i c  
and ta n n ic  a c id  media (Davidson e t  a l ,  1)38)#
The a c id  media were made up a s  fo llow s t—
20 grams D ifco a ^ r  and 13 grams m alt e x t r a c t  were d is ­
so lv ed  in  850ml d i s t i l l e d  w a te r  in  an  Brlenm eyer f l a s k .
In  a n o th e r  f la s k  th e r e  were 150ml d i s t i l l e d  water# The 
f la s k s  were a u to c la v ed  a t  15 lb s .  p re s s u re  f o r  f i f t e e n  
m inutes# A fte r  removal from th e  a u to c la v e , 5*0 grams 
o f  ta n n ic  a c id  were d is so lv e d  in  th e  f la s k  w ith  th e  
s t e r i l i z e d  w ate r and t h i s  was added to  th e  a g a r  when th e  
a ^ r  was cool# (H eatin g  g a l l i c  o r  ta n n ic  a c id  w ith  
a g a r  causes h y d ro ly s is  o f  th e  a g a r . )  The same procedure  
was re p e a te d  b u t g a l l i c  a c id  was used  in s te a d  o f  ta n n ic  
a c id .  Tannic a c id  caused th e  medium to  become m ilky 
b u t g a l l i c  a c id  d id  n o t a f f e c t  th e  colour# The media 
were th e n  poured in  p l a s t i c  p e t r i  p la te s  and in o c u la tio n s  
were made u nder a s e p t ic  co n d itio n s#  The in o c u la tio n s  
were made from c u l tu re s  which had been growing on 2^ 
m alt e x t r a c t  a g a r  f o r  th re e  weeks# The in o c u la n ts  were 
pu t u p s id e  down and g e n tly  p re sse d  down on to  th e  agar# 
This was to  a llo w  a l l  th e  hyphae to  be in  d i r e c t  c o n ta c t 
w ith  th e  medium# They were in cu b a ted  a t  23*C*
UMAUft
A f te r  f iv e  days o f  in c u b a tio n , th e  photographs 
which a r e  shown in  P la te s  41—48 were ta k e n . As can be 
seen  from th e se  p l a t e s ,  a l l  th e  fu n g i excep t
5 8
P> b e tu l in o s  and P ez lg a  were a b le  to  produoe c o lo ra t io n  
o f  th e  a g a r  in d ic a t in g  t h e i r  a b i l i t y  to  sy n th e s is e  poly­
phenol oxidase#
In  th e  case  o f  P olyporas b e tu l in a s . th e re  was no 
d is c o lo r a t io n  u n d er o r  around th e  mat o f  hyphae. The 
growth which was produced on th e  g a l l i c  a c id  a ^ r  was 
b e t t e r  th an  th a t  on th e  ta n n ic  a c id  medium#
With P eg isa  ammoohila th e  in o c u la n ts  r e ta in e d  t h e i r  
o r ig in a l  co lo u r b o th  on th e  ta n n ic  a c id  and th e  g a l l i c  
a c id  media b u t th e r e  was no growth even a f t e r  two weeks 
o f  incubation#
P olyporus a b ie t in u s  showed p o s i t iv e  r e a c t io n  -  th e  
dark  brown d if fu s io n  zone was v e ry  in te n se  and opaque# 
There was no growth#
In  P s a th y re l la  ammophila and Conocfybe d u n en s is# a 
w ider d i f fu s io n  ^one was produced on g a l l i c  a c id  th an  on 
ta n n ic  ac id#  In  b o th  cases th e r e  was no growth and th e  
in te n s i ty  o f  d is c o lo r a t io n  on th e  g a l l i c  a c id  medium was 
com parable to  th a t  o f  P# a b ie t in u s # On ta n n ic  a c id  a g a r  
th e  d i f fu s io n  zone was le s s  in te n s e  e s p e c ia l ly  in  th e  
case  o f  C. d u n en s is .
In  M. grammoDodia, th e  d i f fu s io n  zone was a ls o  d ark  
brown in  c o lo u r b u t extended a  sh o r t  d is ta n c e  from th e  
edge o f  th e  inoculum# The in te n s i t y  was s im ila r  on 
b o th  media#
In  B 1 and A 1 . th e  in o cu la  were dark  brown in  
co lo u r  b u t th e  d i f fu s io n  zone was only  l ig h t  brown and 
extended on ly  a  s h o r t  d is ta n c e  from th e  inocula#
PLATS 41
PolypoTUS b e tu lin u s  grown on ta n n ic  a c id  ( r ig h t )  
and g a l l i c  a c id  ( l e f t )  f o r  5 days. N egative 
r e a c t io n .
PLATS 42
Polyporus a b i e t i n u ^ roducing  p o s i t iv e  r e a c t io n  on 
ta n n ic  a c id  ( r ig h t )  and g a l l i c  a c id  ( l e f t ) .  There 
was no growth a f t e r  5 days.
PLATS 43
C. dunensis grown on ta n n ic  a c id  ( r ig h t )  and 
g a l l i c  a c id  ( l a f t )  f o r   ^ days. P o s it iv e  r e a c t io n  
was g r e a te r  on th e  g a l l i c  a c id  medium. No grow th.
[m :'
PLATE 44
M. grammopodia producing no growth hut p o s it iv e  
rea ctio n  on tannic acid  (r ig h t)  and g a l l i c  acid  
( l e f t )  a f te r  5 days.
PLATE 45
P sa th y rella  ammophila on tannic acid  ( r ig h t) and 
g a l l i c  acid  ( l e f t )  fo r  5 days. There was no 
growth hut a p o s it iv e  rea c tio n .
PLATE 46
P eziza  ammophila showing no growth and a 
n egative rea ctio n  on tannic acid  (r ig h t)  and 
g a l l i c  acid  ( l e f t ) .
j f t ’
PLATE 47
E 1 on tannic acid  (r ig h t)  and g a l l i c  acid  ( l e f t )  
fo r  5 days* No growth and on ly  s l ig h t  p o s it iv e  
reaction  on hoth media*
PLATE 48
A 1 producing no growth and on ly s l ig h t  p o s it iv e  
rea ctio n  on tannic acid  (r ig h t)  and g a l l i c  acid  
( l e f t )  a f te r  5 days*
s
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A ll  th e  f tin g i, excep t P , f a i l e d  to  grow#
Davidson e t  a l  ( l9 3 8 ) ,  p o in te d  ou t th a t  v e ry  in te n se  
r e a c t io n  was u s u a lly  accompanied by absence o f  growth# 
D iscu ss io n
The r e s u l t s  d e sc r ib e d  above, in d ic a te  th a t  
P s a th y re l la  a n n o p h lla . c .  M. gmnmopodla.
and A 1 . can produce polyphenol o x id ases  t o  d i f f e r e n t  
ex ten ts#  Follow ing Bavendamm*s g e n e ra l iz a t io n  th i s  
would in d ic a te  t h a t  th e s e  fUngi a r e  l ig n in  decomposers 
o r  w h ite  r o t  fu n g i w h ile  P ez iza  ammophil^ i s  no t a b le  
to  decompose lig n in #  I t  was shown in  S e c tio n  4 o ( i i )  th a t  
i t  i s  n o t a  c e l lu lo s e  decomposer e i t h e r ,  so  i t  would n o t 
f h l l  in  th e  ca teg o ry  o f  a  brown r o t  fungus#
K irk  and Kelman ( 1965) showed ex p e rim en ta lly  th a t  
a l t h o u ^  c e r ta in  wood r o t t i n g  b a s idiom yoetes could  no t 
u t i l i z e  phenols in  a g a r  media e#g# Polyporus d ic h ro u s# 
P o ria  ta x lo o la  and S te r e m  f m s tu la t im .  th e y  were a b le  to  
d ec rease  th e  l ig n in  co n ten t o f  wood co nsiderab ly#  They 
surm ised  th a t  c e r t a in  compounds which were p re se n t in  
wood o r  wood d eg ra d a tio n  p ro d u c ts  were n ecessa ry  to  
induce pheno lox idase  p ro d u c tio n  in  th e se  sp e c ie s  and th e y  
concluded th a t  th e  p ro d u c tio n  o f  an  e x t r a c e l lu la r  pheno­
lo x id a se  was no t a  r e q u is i t e  f o r  l ig n in  decom position# 
L indeberg  in  1948 rep ea ted  Bavendamm* s experim ent 
u s in g  63 sp e c ie s  among id iich  were 18 spp# known to  form 
n y co rrh iza#  He found th a t  o n ly  a  few m yoorrh izal 
bas idiom yoet es produced d if fu s io n  zones and th ey  d id  so 
p a r t i c u la r ly  on g a l l i c  a c id  agar#  B o le tus 
subtom entosus. a  f a c u l ta t iv e  m ycorrhiza former^ ^ v e  
s tro n g  o x id a tiv e  r e a c t io n  on b o th  media and i t  was a l s o
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a b le  to  decompose 49S^ o f  th e  d ry  m a tte r  in  s t e r i l i z e d  
l i t t e r  in  I 85 d ay s . L ao ta riu s  d e lio io sn p  which forms 
m ycorrhiza w ith  P in as  s y lv e s t r i s  and P ioea  a b ie s  a ls o  
gave pronounced o x id a tiv e  r e a c t io n .  Prom th e  r e s u l t s  
o f  t h i s  experim ent L indeberg proved th a t  polyphenol 
ox idase  was produced re g u la r ly  and ab undan tly  by l i t t e r  
decomposing b a s id io n y c e tes which a t ta c k e d  l ig n in  and 
c e l lu lo s e ,  whereas many o f  th e  m yoorrh izal form ing 
b a s id iom yoetes produced none o r  ju s t  sm all amounts o f  
th e  enzyme. The t r a n s i t i o n a l  ty p es  e .g .  B o le tu s 
sub tom entosus. which forms f r u i t  bod ies w ithou t th e  
a ttachm en t o f  t h e i r  m ycelia to  th e  h o s t ,  gave p o s i t iv e  
r e a c t io n s .  He was n o t a b le  t o  draw a  d i s t i n c t  boundary 
between th e  l i t t e r  decomposing and th e  m yoorrh izal 
groups.
4d D aooapoaltion  o f  M a t lv  L iaa in  and  C e llu lo se
L indeberg  in  1944 e s tim a te d  g ra v im e tr io a l ly  th e  
amount o f  decom position  o f  c e l lu lo s e  and l ig n in  in  
l i t t e r  which was caused  by s o i l  in h a b it in g  hymenomyoetes 
e .g .  M arasmii^ op . He used  s t e r i l i z e d  dead p in e  n e e d le s , 
leav es  o f  beech and aspen  and a l s o  th e  s traw  o f  G lyceria  
max ima in  250tol Brlenm eyer f la s k s  and e s tim a ted  th e  
amount o f  decom position  a f t e r  seven months#
S in ce  some o f  th e  sand-dune fu n g i were found to  
produce polyphenol ox idases on g a l l i c  and ta n n ic  a c id s  
a s  shown in  th e  experim ent ju s t  d e s c r ib e d , i t  was 
decided  to  in v e s t ig a te  t h e i r  a b i l i t y  to  decompose n a t iv e  
l ig n in  and o e l lu lo s e  u s in g  L indeberg*s (1944) g rav i­
m e tric  method#
6 1
Leaves o f  Elynnis a re n a r iu s  which were dry  bu t s t i l l
a t ta c h e d  to  th e  stem , and th e  o ld  ro o ts  o f  th e  same
sp e c ie s  were c o l le c te d  from T entsm uir in  May, I967 .
They were tak en  to  th e  la b o ra to ry  where th e y  were washed
to  remove th e  a d h e rin g  sand g ra in s#  They were th en
a i r d r i e d  and cu t in  sm all p ie c e s  abou t 1 o r  2 cm in
length# In  250ml Brlenm eyer f la s k s  were pu t 5 grams
leav es o r  ro o ts  and 50ml d i s t i l l e d  water# They were
plugged w ith  c o tto n  wool and were au to c la v ed  a t  15 l b s ,
p re s su re  f o r  f i f t e e n  minutes# Glucose a t  th e  r a te  o f
10 grams p e r  l i t r e  was added to  th e  f la s k s  and t h i s
se rv ed  a s  s t a r t e r  glucose# The f la s k s  were th e n2in o c u la te d  w ith  4  z  5™  d is c s  from a c t iv e ly  growing 
edge , o f  C. M. faammopodia. P aatlurro lla ,
ammonhtift. P ozlza  am aophila u id  T h to r were
in o ab a ted  a t  23^0«
R e m its
A ll  f iv e  fh n g i s t a r t e d  to  grow b u t growth was 
ex trem ely  slow excep t f o r  P s a th y re l la  ammophila# A fte r  
n in e  months incubation^grow th  was so s l i ^ t  even in  th e  
case  o f  P s a th y re l la  ammophila th a t  when observed  v is u a l ly  
i t  was q u i te  obvious th a t  vexy l i t t l e  o r  no decomposi­
t io n  had tak en  p la c e  in  any o f  th e  sp e c ie s  and  so no 
g ra v im e tr ic  d e te rm in a tio n s  were made#
P is  cuss iofi
Mel in  (1948) found th a t  th e  hymenomycetes form ing 
m ycorrhiza w ith  f o r e s t  t r e e s  were u nab le  to  develop on 
c e l lu lo s e  a s  th e  s o le  carbon so u rce  a l t h o u ^  th ey  were 
a b le  to  produce c e l lu lo s e  s p l i t t i n g  enzymes# T h ^  were 
a b le  to  grow on s t e r i l i z e d  l i t t e r  only a f t e r  in h ib i t in g
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su b s tan ces  were removed and a  n u t r ie n t  s o lu t io n  oon* 
ta in in g  g lu co se  was added . P erhaps th e  le a v e s  and 
ro o ts  o f  Blynus a re n a r iu s  sh o u ld  be leaohed  b e fo re  th e y  
a r e  u sed  a s  s u b s t r a te s  in  oase th e r e  a r e  any in h ib i to ry  
su b stan ces  p resen t#  I t  would be  expected  th a t  even i f  
th e  fu n g i cou ld  no t u s e  th e  l ig n in  o r  th e  o e l lu lo s e ,  
th e y  would have grown more v ig o ro u s ly  u n t i l  th e  supply  
o f  g lu co se  was dim inished# On th e  o th e r  hand, no o th e r  
n u t r ie n t s  were added and th e  fu n g i f a i l e d  to  develop 
p robab ly  because o f  t h e i r  absmioe# T h e ir  inoculum 
p o te n t ia l  ( th e  energy o f  growth o f  a  fungus a v a i la b le  
f o r  c o lo n is a t io n  o f  a  s u b s t r a te  a t  th e  s u r fa c e  o f  th e  
s u b s t r a te  to  be c o lo n ise d , G a r r e t t , 1956) was, th e r e fo r e ,  
no t s u f f i c i e n t  f o r  them to  a t t a c k  th e  lig n in #  This 
does n o t mean th a t  th e y  would be u nab le  to  u t i l i s e  
l ig n in  and c e l lu lo s e  in  n a tu re  s in o e  th e  co n d itio n s  in  
th e  sand-dune a r e  com plete ly  d i f f e r e n t  from th o se  in  
th e  lab o ra to ry #
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4« s n n
The purpose o f  t h i s  e x e rc is e  was to  f in d  a  medium 
on which each fUngns g e m in a te d  re a d ily #  T h ere fo re , no 
a ttem p t was made a t  g e t t in g  s t a t i s t i c a l  r e s u l t s ,  th e  
p e rcen tag e  o f  g e m in a t io n  was n o t c a lc u la te d  and th e  
experim en ta l c o n d itio n s  were n o t c a r e fu l ly  c o n tro l le d .
The c r i t e r i o n  u sed  in  d e c id in g  th a t  g e m in a t io n  had 
o ccu rred  was th e  p ro d u c tio n  o f  a  d e f in i t e  gem  tube#
In  a l l  ca ses  where g e m in a tio n  d id  o ccu r, th e  gem  tu b e s  
co n tin u ed  to  grow to  a p p re c ia b le  le n g th s  b u t t h e i r  
p ro g re ss  was n o t f u r th e r  observed  excep t in  P s a th y re l la  
ammophila where clamp connections were observed  in  
le s s  th a n  two weeks#
In  August 1967, f r u i t  b o d ie s  o f  P s a th y re l la  
ammophila and POsiza were c o l le c te d | th o se  o f
M. gramg^podiA and C. dunensis were c o l le c te d  in  O ctober 
o f  th e  same year#  Spore p r i n t s  o f  th e s e  were made on 
c le a n  g la s s  s l id e s  a s  soon a s  th e y  a r r iv e d  in  th e  la b o ra ­
to ry  and except where o th e rw ise  s t a t e d ,  th e  experim ents 
were c a r r ie d  out w ith in  e i ^ t  hours# A ll in cu b a tio n s  
were c a r r ie d  ou t in  th e  dark  a t  th e  tem p era tu res  s t a te d  




Two a ^ r  media were made u p s -
( 1) 2^ m alt e x t r a c t  a g a r
( 2) Lange*8 medium (H orten  Lange, 19)2)
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HQrtOT lAnp»«a jaQ dlflea-tton  o f  K aafflaan 's mmilim 
D ifoo a ^ r  10-15 grams
IfM altose 3*0
M^O .THgO 0 .5  "
CaCacyjg 0.5 "
KgHPO. 0 .25 "
Peptone 0 .1  "
D i s t i l l e d  w a te r  900 ml
Deooot o f  horsejdung* 100 ml
The hors^jdung deooot was p rep a red  a s  fo llo w s t 1 f re s h  
"h o rse -ap p le "  was b o ile d  f o r  1-2 m inutes in  150ml w ate r 
and 100ml o f  th e  f i l t r a t e  was added to  th e  medium b e fo re  
s t e r i l i s i n g  a t  120^0 fo r  f i f t e e n  m in u tes .
* Ih  t h i s  experim ent 10 grams h a re  p e l l e t s  were used  
in s te a d  o f  lange* s "horse-apple**. Hare p e l l e t s  were 
used  because h a re s  l i v e  in  th e  a re a  and t h e i r  p e l l e t s  
a r e  v e ry  common on th e  dunes. I t  was though t th a t  
a lth o u g h  th e  fh n g i a r e  no t co p ro p h ilo u s t h e i r  growth 
m i ^ t  be b e n e f i t te d  by th e  w a te r  so lu b le  c o n s t i tu e n ts  o f  
th e  p e l le t s #  I t  i s  h a rd ly  l i k e ly  th a t  any su b stan ce  
whioh i s  in  '*horse-apple'* and i s  no t p re s e n t e i th e r  in  
h a re  p e l l e t s  o r  in  th e  sand i t s e l f ,  cou ld  be in f lu e n c in g  
germ in a tio n  and  growth o f  th e  fu n g i s in o e  " h o r s e ^ p p le s "  
a r e  n ev e r p re se n t in  th e  area#  T h ro u ^ o u t t h i s  ex p e ri­
ment th e  medium i s  r e f e r r e d  to  a s  Lange* s  m odified  
medium#
S pores from each fin g u s were a llow ed  to  f a l l  from 
b i t s  o f  th e  f r u i t  b o d ies  on to  th e  a g a r  in  p e t r i  p la te s  
from a  h e i ^ t  o f  ab o u t lOknm# The f r u i t  b o d ie s  were 
removed a f t e r  an  h o u r o r  s o , depending on th e  q u a n ti ty  
o f  sp o res  which were re le a s e d , and th e y  were incubated  
a t  23®C.
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â a m a
There was no germ ination  on medium 1 a f t e r  a  p e r io d  
o f  fo u r  weeks. 0 .  dunensis had  an  ex trem ely  low 
p e rcen tag e  o f  germ in a tio n  on Lange*s m od ified  medium 
a f t e r  e i ^ t  d ays. S pores o f  P s a th y re l la  ammoohila 
s t a r t e d  germ ina tion  a f t e r  two days on Lange* s  m odified  
medium and by e ig h t days had a lm o st 100^ germ ination  
( P la te  4 9 ) .
Hxnerlnemt B 
Method
The same media whioh were u sed  in  Experim ent A were 
used  in  Experim ent B. B its  o f  g i l l s  o f  th e  has idiom yoet es 
and th e  hymenium o f  P ez iza  ammoohila were p u t d i r e c t ly  on 
th e  a g a r  s u r fa c e  and in cu b a ted  a t  23*C.
S pores o f  ^ p o n h ila  germ inated  on Medium 1
b u t th e  p e rcen tag e  was much h ig h e r  on Lange* s  m odified  
medium. Some sp o res  whioh were s t i l l  en c lo sed  in  a s o i  
commenced germ ina tion  a f t e r  two days ( P la te s  5 0 -5 2 ).
T his fungus was, th e r e f o r e ,  n o t su b je c te d  to  f u r th e r  
in v e s t ig a t io n s .
E m arln M it C
S pores o f  P s a th y re l la  ammophila. M. giammopodia and 
C. d u n en sis  were p u t in  sm all v i a l s  c o n ta in in g  ta p  w a te r , 
d i s t i l l e d  w a te r, s t e r i l i z e d  d i s t i l l e d  w a te r  and h are  
dung d ec o c tio n  (lO  grams b o ile d  in  150mi d i s t i l l e d  w a te r 
and f i l t e r e d ) .  The v i a l s  were s to p p e red  and incubated  
a t  23®C,
In  tw enty  fo u r  hours sp o res  o f  C. d u n en sis  had 
germ inated  p ro fu se ly  in  ta p  w a te r . G erm ination a ls o
PLATE 49
Spores o f  P s a th y re l la  ammophila g erm in a tin g  on 
Lange’ s m od ified  medium (xlOO).
PLATE 50
G erm inating sp o res o f  P ez iza  ammophila on Lange’ s 
m odified  medium (z 6 0 ) .
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PLATE 51
An ascus o f  P ez iza  ammophila w ith  e ig h t sp o re s , 
one o f  which has s t a r t e d  to  germ inate* (x 400) .
PLATE 52
A spore  o f  P eziza  ammophila w ith  two germ tubes 
in  an ascus (x 400) .
PLATE 53







took  p la c e  In  h a re  dung d eco c tio n  bu t no t to  th e  same 
e x te n t a s  in  ta p  w a te r . A fte r  two d ay s , germ ination  
conmienced in  d i s t i l l e d  w ate r and  in  s t e r i l i z e d  d i s t i l l e d  
w ater a f t e r  s ix  days ( P la te  53)*
The o th e r  fu n g i,  i . e .  P s a th y re l la  ammoohila and 
M. granunoDOdia f a i l e d  to  germ inate  even a f t e r  s ix  weeks 
in c u b a tio n .
Sxpartaem t D 
Hethod
H atlln s* 8  te c h n iq u e , (W atlin g , 1963a) was th en  t r i e d  
on M. gramraopodiae th e  only fUngus whioh has d e fie d  a l l  
th e  t e s t s  u sed  so f a r .  T his in v o lv es  keep in g  th e  sp o re s  
in  a  s a tu ra te d  atm osphere a t  27^0 f o r  tw enty  fo u r  h o u rs , 
sh ak ing  them in  s t e r i l e  d i s t i l l e d  w ater and th en  d i s t r i ­
b u tin g  them on a  n u t r ie n t  a g a r  c o n s is t in g  o f  Lange*s modi­
f ie d  medium. The p la te s  were th en  in cu b ated  a t  25^C.
There were no g erm in a tin g  sp o res  a f t e r  a  p e rio d  o f  
fo u r  weeks.
Experim ent E ( 1966)
S pores o f  P s a th y re l la  wnmochila and M. grammopodia 
which had been in  th e  la b o ra to ry  f o r  two days were 
t r a n s f e r r e d  from sp o re  p r in t s  which were made on g la s s  
s l id e s  to  p e t r i  p la te s  c o n ta in in g  th e  fo llo w in g  m édiat— 
3. 9^  P o ta to  d e x tro se  a g a r  
2 .%  Oxoid N u tr ie n t a ^ r  (CM3)
1. 7^  Commeal a g a r  
2 .0^  Washed d ifc o  a g a r  
2 .0 ^  Unwashed d ifc o  a g a r  
Ha gem m alt a ^ r
67Hagem m alt a g a r  (N oik rans, 1930) c o n s is ts  o f  th e  
fo llo w in g  oonst i tn e n ts  *-
Glucose 3 .0  grams
M ^0^.7H20 0 .5  "
KHgPO^ 0 .5  "
NH^Cl 0 .5  «
PeCl^.dEgO 5 .0  mg
M alt e x t r a c t  5*0 grams
Agar ( d ifc o )  15*0 **
D is t i l l e d  w a te r  1000 ml
Except f o r  th e  Hagen m alt a g a r ,  th e s e  media were a r b i— 
t x a r i l y  s e le c te d ,  b e in g  a v a i la b le  in  th e  Botany D epart­
ment Chemical S to r e s .
The sp o res  were removed from th e  g la s s  s l id e s  by 
means o f  a  s t e r i l i z e d  in o c u la t in g  loop which was a ls o  
used  to  d is p e rs e  th e  sp o res  o v e r th e  a g a r  s u r fa c e .  On 
h a l f  th e  number o f  p la te s  th e r e  were enough sp o res 
p re se n t to  make them re a d i ly  v i s i b l e  by th e  naked ey e .
On th e  o th e r  h a l f  th e  number o f  sp o res  was so  few th a t  
t h e i r  p resen ce  cou ld  be d e te c te d  on ly  w ith  th e  a id  o f  a  
m icroscope. T his was done so  t h a t  i f  th e  sp o res  pro­
duced an  in h ib i to r  o r  a  s t im u la to r ,  i t s  c o n c e n tra tio n  in  
th e  a g a r  would be l e s s  in  th e  p la te s  w ith  few er spo res 
and i t s  p resen ce  would be d e te c te d  by th e  d if fe re n c e  
in  th e  p e rcen tag e  o f  g e im ln a tio n . Smart (1937) c i te d  
th e  work o f  W ilson and Cadmskn who found th a t  spo res o f  
R e tio ttla rlB  iTQOPardoB se o ro te d  a u to o a to ly t io  agen t and 
a  r e l a t i v e l y  h i ^  c o n c e n tra tio n  was neoessaxy fo r  
s u c c e s s fu l g e rm in a tio n . The p la te s  were incubated  a t  
25*C and  15*C and d a i ly  o b se rv a tio n s  were made.
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R esalta
S pores o f  M. f a i l e d  t o  g e iB in a te  oa a i l
th e  media a f t e r  b e in g  in o ab ated  f o r  a  p e r io d  o f  s ix  
weeks*
A f te r  th re e  days P a a th y re l la  ammonhila sp o res  
s t a r t e d  to  germ inate only  on th e  n u t r ie n t  a g a r  a t  23^C* 
G erm ination ccmmenoed on th e  same a g a r  a t  15*C a f t e r  
f iv e  days* A pparently* th e  c o n c e n tra tio n  o f  th e  sp o res  
d id  no t a f f e c t  th e  r a t e  o f  g erm in a tio n  b u t th e  lower 
tem p era tu re  caused a  d e lay  in  th e  germ ination* Even 
a f t e r  s i x  weexrs th e  sp o res  had n o t germ inated  on th e  
o th e r  media*
Experim ents A and C were re p e a te d  u s in g  spo res o f  
M*^  _gpaamiOi)odla %Aioh had been in  th e  la b o ra to ry  f o r  one 
y e a r  b u t a l l  f a i l e d  to  germ inate*
B lsoasslo ii
Spores o f  G* dunensis germ inated  in  ta p  w ate r in  
tw enty fo u r  hours* I t  took  an  in c re a s in g ly  lo n g er tim e 
to  germ inate  and few er sp o res  d id  so  on h a re  dung decoc­
t io n ,  d i s t i l l e d  w a te r , s t e r i l i z e d  d i s t i l l e d  w ater and 
Lange*8 m odified  medium* I t  d id  n o t germ inate  on m alt 
e x t r a c t  a g a r  when i t  was in cu b a ted  a t  a  tem p era tu re  o f  
23^0 f o r  fo u r  weeks* I t s  p o o r germ ina tion  o r  la ck  o f  
g erm in a tio n  on se m i-s o lid  media and  b e t t e r  germ ination  
on a l l  th e  l iq u id  media which were u se d , su g g est th a t  i t  
needed more w ater th a n  was p re s e n t in  th e  a g a r  media* 
Perhaps th e  sp o res  needed l iq u id  w ate r to  s t im u la te  th e  
m e tab o lic  p ro cesse s  invo lved  in  germ ina tion  and t h i s  
would n o t be p re se n t in  th e  a ^ r  media# An in h ib i to ry  
f a c to r  m i ^ t  have been  p re se n t in  th e  a g a r  ( F r ie s ,  1)66) 
o r  th e  sp o res  may them selves produce an  in h ib i to r  which
6 9Is w ate r so lu b le  and would be more r e a d i ly  removed in  
w ate r th a n  in  th e  s e m i-s o lid  media# T his su g g e s tio n , 
however, does n o t acoount f o r  th e  b e t t e r  and q u ick e r 
germ in atio n  in  ta p  w ate r th a n  in  s t e r i l i z e d  and u n s te r i ­
l iz e d  d i s t i l l e d  w ate r b u t i t  le a d s  t o  a  f u r th e r  sugges­
t io n  t h a t  th e  s t im u la t in g  e f f e c t  Wiioh a c t s  e i t h e r  in  
s t im u la t in g  germ in a tio n  o r  d e p re s s in g  th e  e f f e c t  o f  an  
in h ib i to r  was p a r t i a l l y  removed d u rin g  d i s t i l l a t i o n  and 
s t e r i l i z a t i o n #  However, f u r th e r  ex p erim en ta tio n  i s  
n ecessa ry  u n d er more c o n tro l le d  co n d itio n s#
P s a th y ra l la  aiamophila w e  eao o eee ftilly  germ inated 
on on ly  two o f  th e  tw elve  media t r a t e d  i . e .  on Iange*8 
m odified  medium and on Oxoid Hut r i e n t  a g a r .  This 
medium c o n s is ts  o f  th e  fo llo w in g  c o n s t i tu e n ts  
"Lab — lemoo^ B eef e x t r a c t  1 gram
Y east e x tra c t  ( Oxoid L 20) 2 *
Peptone (Oxoid L 27) 5 **
H a d  5 "
A gar 15 "
pH 7 .4
I t  would be i n t e r e s t i n g  to  c a r ry  ou t I h r th e r  experim ents 
and f in d  o u t ,  i f  p o s s ib le ,  whioh su b stan ce  i s  th e  stim u­
la to r#  S ince  th e  c o n s t i tu e n ts  o f  th e  Hut r i e n t  a ^ r  a r e  
known, a  s e r ie s  o f  experim ents cou ld  be done in  whioh one 
o f  th e  c o n s t i tu e n ts  i s  l e f t  o u t ;  tem p era tu re  and pH 
rem aining  oonstan t#  By check ing  th e  p e rcen tag e  o f  
g e im in a tio n  on th e  d i f f e r e n t  media i t  m i ^ t  be p o s s ib le  
to  p in -p o in t th e  a c t i v a to r  o r  a c t iv a to r s #
M_# ^rammopodia has so f a r  d e f ie d  a l l  e f f o r t s  to  
germ inate  i t s  spores#  P r ie s  (1 )6 6 ) o b ta in ed  good 
r e s u l t s  in  th e  germ ina tion  o f  Qymencmycetes w ith  a
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m alt e x t r a c t  a ^ r  medium on which l iv in g  co lo n ie s  
o f  R hodotorula o r  some o th e r  unnamed m icro-organism  had 
been in o c u la te d . Some sp e o ie s  o f  Qymenomyoetes and 
Q asterom ycetes, however, could  n o t be induced to  germi­
n a te  w ith  any o f  th e  a c t iv a to r s  which he t e s t e d .  He 
su g g ested  th a t  an  in h ib ito z y  f a c to r  i s  p re se n t in  
e x t r a c ts  o f  m a lt, y e a s t  o r  o th e r  n a tu ra l  p ro d u c ts  whioh 
can be removed by th e  a c t i v i t y  o f  s u i t a b le  c o -c u l t iv a te d  
c r ^ n is m .  S chro th  and H ild eb ran d t ( 1964) suggested  th a t  
spo re  g erm in a tio n  in  th e  rh iz o sp h e re  occurs a s  a  r e s u l t  
o f  ex u d a tio n  o f  carbonaceous and  n itro g en o u s  compounds 
p r in c ip a l ly  amino a c id s  and s u g a rs . The requ irem ents 
o f  sp o re  germ ina tion  o f  M. giammopodla m i ^ t  be c lo s e ly  
a s s o c ia te d  w ith  i t s  p a r t i c u l a r  h a b i ta t  and i t  m i ^ t  be 
induced to  germ inate u s in g  m icro-organism s o r  l iv in g  
ro o ts  a s  th e  a c t i v a t o r .
The r e s u l t s  o f  th e s e  experim ents p o in t to  th e  fh c t  
th a t  P ez iza  ammonhila germ inated  w e ll when b i t s  o f  th e  
hymenium were p la ced  on m alt e x t r a c t  a ^ r  and L ange's 
m odified  medium; th a t  C. d u n ^ is is  germ inated  re a d i ly  
in  ta p  w a te r; t h a t  P s a th v re l la  ammochila germ inated 
on Oxoid N u tr ie n t a g a r  and L ange 's  m odified  medium and 
th a t  M. grammopodia has f a i l e d  to  germ inate under a l l  
th e  experim en ta l c o n d itio n s  u s e d . However, th e  work 
h e re  d e sc r ib e d  and th e  su g g e s tio n s  made and th e  oon^ 
e lu s io n s  drawn, a r e  in  no way reg ard ed  a s  f i n a l .  The 
scope o f  th e  experim ent i s  much to o  g re a t f o r  h as ty  con­
c lu s io n s  to  be drawn b u t i t  i s  hoped th a t  th e  experimen­
t a l  ev idence w i l l  encourage f u r th e r  work in  t h i s  f i e l d .
The on ly  c e r t a in  th in g  i s ,  a l t h o u ^  a l l  fo u r  fu n g i 
grow to g e th e r  on th e  sand-dune t h e i r  requ irem ents fo r  
spore germ ina tion  a r e  a l l  d i f f e r e n t .
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5a P rfidnotion  o f  S y n th a tio  K ro o iih ig a
( i )  ü t i jm à
A p re lim in a ry  t e s t  was c a r r ie d  ou t in  1)66 w ith  
C. d u n en s is  and th e  th r e e  g ra s se s  growing u n d er s im ila r  
c o n d itio n s  a s  w i l l  he d e sc rib ed  belcw# In  th a t  t e s t ,  
" seed s"  and se e d lin g s  in  which th e  plum ules had no t y e t  
b u r s t  th rough  th e  c o le o p t i le s ,  were in o c u la te d  w ith  th e  
fUngus#
The ro o ts  were examined a f t e r  th e  f i r s t ,  second o r  
t h i r d  le a v e s  had ap p eared , b u t no in f e c t io n  was observed 
a t  any o f  th e se  s tag es#  Kzyuger ( 196I )  observed th a t  
v e s io u la r - a rb u s c u la r  ay co rzh iza  was ab sen t from th e  
ro o ts  o f  g ra sse s  a t  th e  f i r s t  l e a f  s ta g e  and was p re se n t 
only  a s  s e p a ra te  hyphae a t  th e  t h i r d  l e a f  s ta g e .  He 
concluded th a t  th e  fo rm ation  o f  o y co rrh iz a  had se aso n a l 
rhythm . T his o b se rv a tio n  le d  t o  th e  n e c e s s i ty  o f  
s e t t i n g  up th e  experim ent f o r  a  lo n g e r p e r io d  o f  tim e 
and in v o lv in g  a l l  f iv e  fUngi#
The ro o ts  o f  se e d lin g s  o f  A. a ie n a r ija . A. 
■■hineelfoniie and E- were in o o o la te d  w ith  p a re
o a l ta r e e  o f  C, P s a th y re l la
ammoohila. P aetm  anmonhtla and  betw een Januazy
and A p r i l ,  1967.  The p la n ts  were grown in  s t e r i l i z e d  
sand in  earthenw are flo w er p o ts  f o r  e i # i t  months a f t e r  
which tim e th e  ro o t system s were examined f o r  in fe c tio n #
P s a th r r e lU  ammophila and P sainn  amrnanhiia were 
grown on f re s h ly  p re p a re d  m alt e x t ia o t  a . » r  f o r  1—1^' 
weeks p r i o r  to  u s e .  The o th e rs  had to  be  su b c u ltu red  
fo r  th r e e  weeks s in c e  th ey  were slow  grow ers.
The se e d lin g s  u sed  were o b ta in ed  u s in g  th e  
tech n iq u e  d e sc rib ed  u n d er Method. Those o f  A. a r e n a r ia
72and E# a renariuB  grew v ig o ro u s ly  and had lo n g  ro o ts  
w ith  numerous ro o t h a irs#  They were ohosen f o r  inocu­
la t io n  when th e  a e r i a l  p a r ts  were between 5  end 7 
c e n tim e tre s  in  le n g th . Those o f  A# tunoeiform e had to  
be c a r e f u l ly  s e le c te d  a s  a  la rg e  p ro p o rtio n  o f  them had 
ro o ts  which were l e s s  th an  5 mm in  le n g th  and th e  
plum ules f a i l e d  to  b u r s t  t h r o u ^  th e  c o le o p t i le s .
The sand and p o ts  were s t e r i l i z e d  a s  d esc rib ed  in  
S e c tio n  2 b ( i ) ( f ) .  When p ro p e r ly  coo led  th e  sand/ 
v e rm ic u lite  m ix tu re  was a s e p t i c a l l y  t r a n s f e r r e d  to  th e  
p o ts .  S te r i l i z e d  H oagland 's s o lu t io n  (Thomas, Hanson 
and R ichardson , 1956) was added u n t i l  th e  sand m ix tu re 
was th o ro u g h ly  m oistened# Segments o f  a g a r  w ith  th e  
a c t iv e ly  growing mycelium were s t i r r e d  in  th e  sand and 
one s e e d lin g  was t r a n s f e r r e d  t o  each p o t .  The ro o ts  
were a rran g e d  so  t h a t  th ey  were to u c h in g  th e  in o c u la n ts  
to  en su re  c o n ta c t w ith  each o th e r .  A la y e r  o f  s t e r i ­
l iz e d  d ry  sand was sp read  o v er th e  to p  and m oistened 
w ith  d i s t i l l e d  w ate r (McArdle, 1932).
One o f  th e  d i f f i c u l t i e s  o f  t h i s  experim ent was th e  
problem o f  h av in g  th e  se e d lin g s  and  th e  fu n g i a t  th e  
r i # i t  s ta g e  o f  growth a t  th e  same tim e th a t  th e  p o ts  
and th e  sand were ready  f o r  u s e .  Agronvron se e d lin g s  
caused most concern a s  th e re  was no g u aran tee  th a t  a l l  
th e  caryopses would g e m in a te  and  Wien th e y  d id  g e m in a te  
th a t  th e y  would be s a t i s f a c to r y  f o r  u se  in  th e  experim en t.
P ez iza  ammoohila a l s o  caused a  c e r t a in  amount o f  
concern when i t  f a i l e d  to  grow on v a rio u s  o ccas io n s .
The experim ent had to  be s e t  up o ver a  p e r io d  o f  th re e  
months because o f  th e  problem s ju s t  m entioned and a l s o  
because th e  p o ts  and sand which were u sed  had to  be
73s t e r i l i z e d  in  sm all q u a n t i t i e s  a t  a  tim e and because 
th e  s t e r i l i z a t i o n  tim es were so  long#
C onsequently , t h i s  e:qperiment was n o t rep ea ted  
a lth o u g h  th e  r e s u l t s  a r e  so nebulous th a t  i t  i s  
d i f f i c u l t  to  a r r i v e  a t  p ro p er conclusions#
The experim ent was s e t  up in  two s e r i e s  (S e rie s  1 
and S e r ie s  2) and f o r  each tre a tm e n t th e re  were te n fo ld  
r e p l ic a t io n s  a s  shown below#— 
s.erlea 1
10 p o ts  w ith  Aamophlla a lo n p  -  C o n tro l
10 " " Agropyron .lunoeifonae a lo n e  -  "
10 " " Elymos a re n a r itts  a lo n e  -  "
10 " " + c .
10 " " A#10 " " B. aronarlO B *  c .
10 " " 0 # dunensis a lo n e  -  C o n tro l
T his was 
rep ea ted  f o r  
a l l  f iv e  
fung i10 « " sand a lo n e  — C ontro l
S e r ie s  2
The same p rocedu re  was ad o p ted  a s  f o r  S e r ie s  1 
except t h a t  th e  sand was t r e a te d  in  a  d i f f e r e n t  manner 
a s  d e sc r ib e d  in  th e  Method#
The 480 f lo w er p o ts  were p u t in  g reen  houses and 
w atered  on a l t e r n a t e  days w ith  d i s t i l l e d  w ater# Once 
in  every  two weeks H oagland 's s o lu t io n  was u sed  in s te a d  
o f  w ater# D i s t i l l e d  w ater was u sed  to  make up th e  
H oagland 's so lu tio n #
The p la n ts  were kep t u n d er th e s e  c o n s ta n t condi­
t io n s  f o r  a  p e r io d  o f  e i ^ t  months a f t e r  %diich tim e 
th ey  were removed from th e  po ts#  The ro o ts  were 
amined f o r  th e  p resen ce  o f  in f e c t io n  (se e  Method) and th e
a e r i a l  p a r t s  were d r ie d  in  an  oven a t  100^  u n t i l  
c o n s ta n t w e i ^ t  was obtained# T h e ir  d ry  w e i ^ t s  were
th en  recorded#
5a (11) R eroltB  and D leouaaloa*
The r e s u l t s  and  d iso u ss io n s  w i l l  be d iv id e d  in to  
th re e  p a r t s  f o r  s im p lif ic a t io n #
(a )  Snorophore P ro d u c tio n
A lth o u ^  growth o f  th e  g ra s se s  appeared  to  be 
norm al, i t  was n o t p o s s ib le  to  know id ie th e r th e  fong i 
were growing o r  n o t .  F ru i t—body p ro d u c tio n  would con^
firm  t h a t  th ey  had produced good growth and i t  would 
su g g est
( i )  th a t  th e  te m p e ra tu re , pH and s o i l  n u t r ie n ts  
were a p p ro p r ia te ,
( i i )  t h a t  th e  ro o ts  had n o t e x c re te d  to x ic  sub­
s ta n c e s  which had k i l l e d  th e  m ycelia  and
( i i i )  th a t  i f  th e y  were m ycorrhiza which depended 
on t h e i r  h o s ts  f o r  t h e i r  n u t r ie n t s  they  had 
made c o n ta c t w ith  th e  ro o ts#
However, th e  absence o f  f r u i t  b o d ies  would n e t necess­
a r i l y  mean th a t  th e  fUngi had n e t  grown p ro fu se ly  
enough to  su p p o rt f r u i t  b o d ie s , b u t i t  would suggest 
th a t  th e  requ irem en ts f o r  f r u i t i n g  were u n f u l f i l l e d  
p robab ly  because one o r  more o f  th e  th re e  co n d itio n s  
m entioned above was unfavourab le#
I t  was t h o u ^ t  th a t  in  S e r ie s  2 , th e  environm ent in  
which th e  fu n g i were p u t to  grow was n e a re r  to  t h e i r  
n a tu ra l  h a b i ta t  th a n  in  S e r ie s  1# Steam s t e r i l i z a t i o n  
would n o t have changed i t  a s  r a d ic a l ly  a s  th r e e  hours 
o f  a u tc c la v in g  a t  15 lb s .  p ressu re#  In  S e r ie s  2 p la n t  
rem ains were p re se n t in  a d d i t io n  to  a  l iv in g  p la n t and 
th e  c h ie f  d if fe re n c e s  between t h i s  environm ent and th a t  
in  n a tu re  were th e  absence o f  m icro-organism s and 
p robab ly  th e  a d d i t io n  o f  s im p le r  n u t r ie n t s  which r e s u l te d  
from h y d ro ly s is  o f  th e  more complex ones#
75I f  th e  fh n g i were s o i l  in h a b i t in g  sap rophy tes 
th en  th ey  should  grow more v ig o ro u s ly  in  S e r ie s  2 th an  
in  S e r ie s  1 and consequen tly  produce more f r u i t  b o d ie s .
On th e  o th e r  hand, i f  th ey  were m yccrxh im l o r  o b lig a te  
p a r a s i t e s ,  th e  p ro d u c tio n  o f  sporophores shou ld  be equal 
in  th e  cases  id iere a  p la n t  was p re se n t and  th e re  should  
be none in  th e  c o n tro l  pots# A lso , i f  th e  g ra sse s  had 
any s t im u la t in g  o r  in h ib i t in g  e f f e c t  on th e  fu n g i, i t  
would be re v e a le d  in  r a t e  o f  sporophore production#
ReealtB
I t  was observed  th a t  f r u i t  b o d ies  were produced 
only  in  th e  p o ts  w ith  C. dnnensis  and P s a th v re l la  
ammoohila# In  P s a th v re l la  ammoohila on ly  two sporophores 
grew. These were in  two d i f f e r e n t  p o ts  b o th  w ith  
Agropyron Ja n ce lfo n n e  Wiioh were growing in  S e r ie s  2 .
The f r u i t  bod ies appeared  fo u r  months a f t e r  th e  tim e o f  
in o c u la t io n . Belcw i s  a  t a b le  showing th e  number o f  
p o ts  in  which f r u i t  b o d ies o f  C. dunensis grew.
■cabiæ 6
Sporophore p ro d n o iio n  in  Conocybe aonensia
C o n tro l Agropyron Ammophila Blymus
No# o f  p o ts  w ith  
a t  l e a s t  1 in  S I 10 7 9 7
No# o f  p o ts  w ith  
a t  l e a s t  1 in  S2 10 5 7 6
I t  i s  i n t e r e s t i n g  to  n o te  th a t  in  b o th  s e r ie s  f r u i t  
bod ies grew in  a l l  th e  c o n tro l  p o ts  which had Conocvbe 
a lo n e . In  a l l  th e  o th e r  cases  sporophores grew in  
more p o ts  in  S e r ie s  1 th an  in  S e r ie s  2 . In  th e  
experim en ta l p o ts  sporophores were produced in  9 o f  th e
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10 p o ts  w ith  Ammophila in  S e r ie s  1 and on ly  ^  in  S e r ie s  2 . 
In  Agropyron and E L y b h i s  th e  r e s u l t s  were n o t d i f f e r e n t
b e in g  7 in  S e r ie s  1 and 5 and 6 re s p e c t iv e ly  in  S e r ie s  2 .
These f ig u re s  r e f e r  to  th e  f i r s t  crop  o f  f r u i t  bod ies 
lA ioh were produced a f t e r  in o c u la t io n . The number o f  
sporophores ranged from 1 to  5 in  one p o t .  In  th e  ca se s  
where more th a n  1 was produced, t h ^  appeared  in  one o r  
two days a f t e r  one a n o th e r . E i ^ t  months a f t e r  inocu­
l a t i o n ,  f r u i t  b o d ies appeared  in  9 p o ts  in  S e r ie s  2s 
t h i s  was f i r s t  f r u i t i n g  in  4 o f  th e  p o ts  and second
f r u i t i n g  in  th e  o th e r  3 p o ts .  A ll  were in  p o ts  which
co n ta in ed  a  p la n t .
S in ce  no f r u i t  bo d ies ap p eared  in  th e  c o n tro l p o ts  
w ith  sand a lo n e , i t  can be assumed th a t  ( i )  s t e r i l i z a ­
t io n  was e f f e c t iv e  in  k i l l i n g  a l l  th e  sp o res  and m ycelia 
o f  C. dunensis which m i ^ t  have been in  th e  sand and 
p la n t  d e b r is  and ( i i )  th e  f r u i t  bod ies o ccu rred  a s  a  
r e s u l t  o f  th e  d e l ib e r a te  in o c u la t io n  o f  th e  pure 
c u l tu r e s .
From th e  above su g g e s tio n s , i t  i s  v e ry  tem p ting  to  
say  th a t  E s a th y re ll a  ammophila w s  a  s o i l  saprophyte 
s in c e  i t  produced spcrophores in  S e r ie s  2 and n e t in  
S e r ie s  1 and a ls o  th a t  Agropyron had some s tim u la t in g  
e f f e c t  upon f r u i t  body p ro d u c tio n . I t  i s  perhaps more 
th an  a  co in c id en ce  th a t  bo th  f r u i t  bod ies were produced 
under th e s e  s im i la r  experim en ta l c o n d itio n s  and a l t h o u ^  
th e  r e s u l t  cannot be regarded  a s  c o n c lu s iv e , i t  shou ld  
not be overlooked .
On th e  sand -dune in  T entsm uir c ,  i s  more
common on th e  f ix e d  dune where Amnophilp p redom inates.
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In  t h i s  reg io n  i t  grows in  u n o o lo n ised  sand  and a ls o  in  
c lo se  a s s o c ia t io n  w ith  th e  th r e e  g ra s s e s . I t  cannot be 
assum ed, however, t h a t  any o f  th e  g ra sse s  had any d i r e c t  
in f lu e n c e  on th e  somber o f  sporophores which were p ro ­
duced s in c e  from th e  ex p erim en ta l r e s u l t s  sporophores 
were more fre q u en t in  th e  absence  o f  th e  g ra s se s  th an  in  
t h e i r  p re se n c e . Webley, Eastwood and Gimin^iam (1952) 
in  t h e i r  rh izo sp h e re  m ic ro f lo ra  s tu d y  in  th e  sand-dunes 
a t  T entsm uir, found th a t  Apponl^ila s tim u la te d  th e  growth 
o f  a  group o f  Gram n e g a tiv e  non sp o r in g  s h o r t  rods where­
a s  Ajgropyron d id  n o t .  Hassouna and W areing ( 1965) 
ex p e rim en ta lly  showed th a t  th e  f ix a t io n  o f  a tm ospheric  
n itro g e n  was an  im p o rtan t f h c to r  in  th e  n u t r i t i o n  o f  
Ammophila.  They p o in te d  out t h a t  u n d er f i e l d  condi­
t io n s  p la n ts  o f  A . a r e n a r ia  a r e  h e a v ily  in f e c te d  w ith  
o y c o rrh iz a  and t h a t  i t  i s  p o s s ib le  th a t  th e  m ycorrh iza l 
a s s o c ia t io n s  p lay ed  a n  im portan t p a r t  in  n itro g e n  f ix a ­
t io n .  Hic)f(olson (1959  and i 960) observed  th e  p resence  
o f  v e s ic u la r  a rb u s c u la r  endophytes in  A. a r e n a r ia  and 
A. ju n ce ifo im e b u t h i s  s tudy  was no t extended to  show 
w hether t h i s  fhngus was in vo lved  in  th e  f ix a t io n  o f  
n itro g e n  o r  n o t .  The a b i l i t y  o f  c> to  f i x
a tm ospheric  n itro g e n  has n ev er been t e s t e d ,  b u t i f  i t  
can n o t, th en  i t  i s  q u i te  p o s s ib le  th a t  i t  i s  d e r iv in g  
b e n e f i t  from th e  work o f  th e  b a c te r ia  in  th e  rh izo sp h e re  
o f  A^ a r e n a r i a .  T h is would acco u n t f o r  i t s  p resence  in  
a re a s  where t h i s  g ra s s  f lo u r i s h e s .  I t  m i ^ t  a ls o  have 
a  p re fe re n c e  f o r  t h i s  reg io n  because o f  th e  p resence  o f  
more decomposing p la n t  m a te r ia ls .
The r e s u l t s  a l s o  show t h a t  more f r u i t  bod ies were 
formed in  S e r ie s  1 , in  which th e  sand was s ie v ed  and 
au to c la v ed  th an  in  S e r ie s  2 where th e  sand was no t
78slervedi e x tra  b i t s  o f  dead p la n t  p a r ts  had been added 
and s t e r i l i z a t i o n  was done by steam ing# S u p e r f ic ia l ly ,  
t h i s  p e in ts  to  th e  f a c t  th a t  th e  deocmposing p la n t 
m a te r ia l  was no t b e n e f ic ia l  t o  th e  ftingue, b u t t h i s  was 
no t th e  c a s e . In  th e  f i r s t  few months a f t e r  in o c u la t io n  
th e  fungus would have u sed  up a l l  th e  a v a i la b le  n u t r ie n t s  
in  th e  p o ts .  T his in c lu d es  th o se  idiioh were o r ig in a l ly  
in  th e  sand and th o se  whioh were made a v a i la b le  by 
s t e r i l i z a t i o n .  F r u i t  bod ies were th en  produced in  b o th  
s e r i e s .  At th a t  tim e th e  dead p la n t  m a te r ia l  would n o t 
have undergone much decom position  to  be o f  g re a t b e n e f i t  
to  th e  f i n g i .  However, a s  th e  p ro cess  o f  decom position 
p ro g re ssed  i t  p ro v id ed  s u i ta b le  su b stra tu m  f o r  th e  
growing fUngus. Evidence o f  t h i s  was seen  in  th e  p ro ­
d u c tio n  o f  a  crop  o f  f r u i t  b o d ie s  in  S e r ie s  2 e i ^ t  
months a f t e r  in o c u la t io n . T h e re fo re , th e  p la n t  
m a te r ia l  had a  d e lay ed  b e n e f ic ia l  e f f e c t  on th e  grow th, 
s u rv iv a l  and rep ro d u c tio n  o f  in  th e  s o i l
and i t  can be c l a s s i f i e d  a s  a  s o i l  sap ro p h y te  ( G a r r e t t ,  
1956) .  I t  i s  assumed h e re  t h a t  in  S e r ie s  1 th e  fungus 
d id  n o t su rv iv e  f o r  a  long  tim e ju d g in g  from th e  absence 
o f  f r u i t  bo d ies in  l a t e r  m onths.
Romell (1938  and  1939) concluded th a t  c e r t a in  
m y co rrh iza l fu n g i would n ever produce sporophores u n le s s  
t h e i r  m ycelia  were d i r e c t ly  a t ta c h e d  to  th e  l iv in g  ro o ts  
o f  th e  h o s ts .  He su g g ested  t h a t  th e  m ycorrh iza l fu n g i 
were w holly dependent on th e  ro o ts  o f  t r e e s  f o r  t h e i r  
energy s u b s t r a te s .  With t h i s  in  mind, i t  can be con­
cluded  th a t  9 t I s  n o t an  o b l ig a te  m ycorrh iza l
fungus s in c e  i t  f r u i t e d  r e a d i ly  in  th e  absence o f  a
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l iv in g  p la n t .  T his ten d s to  a g re e  w ith  Wat l i n g 's  
s ta tem en t ( Wat l in g  1963b) th a t  members o f  th e  
B o lb it ia c e a e , to  whioh Conoovbe b e lo n g s , a r e  
non -m ycorrh izal •
Below i s  a  ta b le  whioh i l l u s t r a t e s  th e  f r u i t i n g  
tim e o f  Conocvbe u n d er th e  c o n d itio n s  o f  th e  experim ent. 
I t  shows th a t  th e  tim e tak en  f o r  th e  f i r s t  f r u i t  b o d ies  
to  a p p ea r in  th e  p o ts  was d i f f e r e n t .
g r a i t i n g  T im m  
Averages a r e  shown in  b ra c k e ts
C o n tro l Agropyron Aiamophila Elymus
F ru i t in g  tim e in  
weeks in  8 1
F r u i t in g  tim e in  




(8 .2 9 )
8-10  
( 9 .9 )
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6-15
(9 .7 8 )
,7-13^(9 .8 6 )
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S t a t i s t i c a l  an a ly se s  were done to  f in d  i f  th e s e  average  
tim es were s ig n i f i c a n t ly  d i f f e r e n t .  The P - te s t  was 
a p p lie d  to  f in d  i f  th e r e  were s ig n i f i c a n t  d if fe re n c e s  
between th e  v a r ia n c e s .  Then a p p ly in g  th e  a p p ro p r ia te  
t - t e s t  f o r  th e  s ig n if ic a n c e  o f  d if fe re n c e s  between th e  
a v e ra g e s , a t  th e  5^ le v e l  o f  s ig n i f ic a n c e ,  i t  was shown 
th a t  th e r e  were s ig n i f i c a n t  d if fe re n c e s  between some o f  
th e se  f ig u r e s ,  (T ab les 8 , 9 and 1 0 ).
TABLE 8
8 0
S la n if io a n o .  o f  D iffa ren o es  in  th e  F r u i t in g  Times
In  S e r ie s  1
F ru i t in g  tim es s ig n i f i c a n t ly  
d i f f e r e n t  a t  th e  9^ le v e l
F r u i t in g  tim es NOT 
s ig n i f i c a n t ly  d i f f e r e n t  
a t  th e  9^ le v e l
C o n tro l and A aronvrcn C o n tro l and  Slanaos
C o n tro l and Ammoohila 
a r s n a r to
and A.
ftOffiaslft
a r e n a r ia
M fiB M laa
These d if fé re n c e s  su g g est t h a t  A . ju a c e ifo m e  and A# 
a r e n a r ia  were e x e r t in g  some in f lu e n c e  on th e  tim e o f  
f r u i t i n g  b u t E . was not#
XABIÆ 9
s if ln lf lo a n o e  o f  P lf f s r e n e e s  In  th e  F r u i t in g  Tlmss
in  S e r ie s  2
F ru i t in g  tim es s ig n i f i c a n t ly  
d i f f e r e n t  a t  th e  5% le v e l
F ru i t in g  tim es NOT 
s ig n i f i c a n t ly  d i f f e r e n t  
a t  95b le v e l
Aa junce ifo im e and A.
C o n tro l and  A #^A renarla
A#^  jk m c e i^ rm e  and £#
A^ nnd K#
T h e re fo re , a l l  th r e e  g ra sse s  were e x e r t in g  some 
in f lu e n c e  on th e  f r u i t i n g  tim es in  t h i s  s e r ie s #
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A ConpartBQa o f  th e  S ig n tf lo a n o e  o f  P lffe ren o a g  
l a  th e  Two S e r ie s
F ru i t in g  tim es s ig n i f i c a n t ly  
d i f f e r e n t  a t  th e  ^  le v e l
F ru i t in g  tim es NOT 
s ig n i f i c a n t ly  d i f f e r e n t  
a t  th e  le v e l
C on tro l S 1 and C o n tro l S 2 
A t .iunceiform e 8 1 and 8 2 A ._a*W hrla  s  l  and s  2
S..Ag<mftrAuB s  i  and  S , 
ftgenhJtaB s  2
T h e re fo re , th e  In f lu m c e  o f  and A«
Jancelfo rm e on C. dnnenslfl In  S e r ie s  1 was d i f f e r e n t  
from t h a t  in  S e r ie s  2#
In  th e  ca se  o f  M. fao im opodla. Peei«a am m nnhtla  
and E _ l. no f r u i t  b o d ie s  were formed in  any o f  th e  p o ts  
in  th e  experim ent. The c o n d itio n s  w ith  which th e  fu n g i 
were p ro v id ed  were o b v iously  n o t s u i t a b le  f o r  sporophore 
p ro d u c tio n ; p e ih ap s n o t f o r  v e g e ta t iv e  growth e i t h e r .  
This co u ld  be a s  a  r e s u l t  o f  one o r  more o f  a  number o f  
f h c to r s ,  f o r  exam ple, s o i l  pH and s o i l  m o is tu re  
(Kouyeas, 1964; T ay lo r and Paxicinson, 1964) and s o i l  
tem p era tu re  (R ea, 1959; R o u a tt, P e te rso n  and K atsn e lso n , 
1963}• The g ra s se s  migfit have been exuding su b stan ces
idiioh were d e le te r io u s  to  th e  fu n g i o r  u n d er th e  e x p e ri­
m ental co n d itio n s  th e y  were u n ab le  to  exude any 
s t im u la to ry  su b stan ces  which would be b e n e f ic ia l  to  th e  
fd n g i (How, 1941; O svald, 194&; M elin and Rama Das, 
1954; R ov ira , 1956 a ,  b ,  c ;  R cvira  and H a r r is ,  196I  
and Dobbs and Qash, I 965)* S t e r i l i s e d  s o i l s  have been 
found to  be to x ic  to  p la n ts  (Gerdemann, 1964) .
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Periiaps in  n a tu re  th e  fUngi r e ly  on o th e r  m ic ro - 
orgm iem e f o r  some e s s e n t i a l  su b s tan ce  -  a  v itam in  o r  
growth Ih o to r ,  and s in c e  th e  m icro-organism s were 
removed by s t e r i l i s a t i o n ,  th e s e  su b stan ces  would be 
a b sen t (M elin  and Hama Das, 19541 Lochhead, 1957).
I t  i s  a l s o  p o s s ib le  th a t  an  u n fav o u rab le  q u a n t i ta t iv e  
b a lan ce  o f  c o n s t i tu e n ts  would a l s o  le ad  to  th e  absence 
o f  sp o ro p h o res .
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( i l )  (b ) Dry- W eights o f  th e  A e r ia l  P a r ta
In  t h i s  s e c t io n  an  a ttem p t was made to  c o r r e la te  th e  
dxy w e i# it o f  th e  a e r i a l  p a r ts  o f  th e  g ra sse s  w ith  th e  
e f f e c t  o f  th e  fu n g i on t h e i r  grow th. Four methods have 
p re v io u s ly  been u sed  to  determ ine th e  e f f e c t  on th e  
p la n t o f  th e  fa n g u s-ro c t a s s o c ia t io n .  They w eres-
(1 ) F ie ld  o b se rv a tio n s . This i s  u s u a lly  
in a c c u ra te  because no allow ance can be made f o r  
a l l  th e  o th e r  fh c to rs  which a r e  sim u ltan eo u sly  
in f lu e n c in g  th e  development o f  th e  p la n t .
( 2 ) A natom ical s t r u c tu r e  o f  th e  in f e c te d  roo ts#
( 3} Micaro-chemioal a n a ly se s  o f  in fe c te d  and non­
in fe c te d  p la n ts#
( 4 ) E xperim ental method whereby p la n t  ro o ts  ax^ 
b ro u (ÿ t in to  c o n ta c t w ith  th e  mycelium o f  a  
fhngus an d , by m easuring  th e  s e e d lin g  h e i ^ t ,  
l e a f  le n g th  and o b se rv in g  th e  fo l ia g e  co lo u r 
e t c . ,  d i r e c t  ev idence i s  o b ta in ed  on th e  
e f f e c t  o f  th e  fungus on th e  p la n ts#  (McArdle, 
1932).
Im reG tig ito rB  who u sed  (3 ) a g re e  t h a t  m yoorrfalaal fo n g l 
a r e  p a r a s i t i c  and found no ev idence o f  sym biosis# N asui 
(McArdle, 1932) found th a t  th e  fUngi removed from th e  
ro o ts  a l l  th e  amino a c id s ,  most o f  th e  c a rb o h y d ra te s , 
ta n n in s  and n i t r a t e s ,  some phosphorus, po tassium  and 
ammonium# Young f r u i t i n g  bo d ies co n ta in ed  la rg e  amounts 
o f  th e s e  substances#  The ev idence from many wozkers who 
used  (4 ) was a lm ost o p p o site  to  ( 3 )# McArdle (1932) 
found no a b s o lu te  p ro o f  th a t  th e  p resen ce  o f  m ycorrhiza 
was e i t h e r  d e tr im e n ta l o r  b e n e f ic ia l  to  c o n if e r  
s e e d lin g s .  Bain (1937) a ttem p ted  to  f in d  ou t w hether
8 4m yoorih iza d e riv e d  n u t r ie n ts  from oranberzy  ro o ts  and 
a r r iv e d  a t  th e  co n o lu sio n  th a t  th e  fUngus ten d ed  to  
reduce o r  in te n s i f y  th e  t o x ic i ty  c f  th e  medium idiich  was 
h a z n f i l  t o  th e  h o s t  p la n ts#  R ichards and V oigt ( I 964) 
re p o r te d  th a t  in o c u la t io n  o f  w ith
Rhizopogon ro se o lu s  in c re a se d  th e  n itro g e n  o f  se e d lin g s  
even where i t  d id  n o t in c re a se  th e  dxy w e i^ t#
Gerdemann ( 1964) found th a t  p la n ts  o f  m aize which were 
in o c u la te d  w ith  a r b u s c u la x ^ e s io u la r  m ycorrh iza grew 
more v ig o ro u s ly  and  appeaxred more h e a lth y  th a n  uninocu— 
la te d  ones#
In  th e  p re se n t in v e s t ig a t io n  dxy w eight o f  th e  
a e r i a l  p a r t s  o f  th e  g ra sse s  was u sed  in  d e te rm in in g  th e  
e f f e c t  o f  th e  fh n g i on th e  p la n ts#  On th e  whole th e re  
were no obvious d if fe re n c e s  between th e  s i z e  and co lo u r  
c f  th e  p la n ts#  The ro o t system s were no t in c lu d ed  in  
th e  dxy w e i ^ t  because th ey  were examined f o r  fhngal in ­
f e c t io n s  ( se e  p a r t  C)# The a e r i a l  p a r ts  were se p a ra te d  
from th e  ro o t system s a t  th e  hypoco ty l reg io n  and were 
d r ie d  to  co n s tan t w e i ^ t  a t  lOO^G#
Some o f  th e  g ra sse s  w ith  P ez iza  ammophila d ied  a f t e r  
th e y  had been growing f o r  fo u r  months# The g r e a te s t  
lo s s  was w ith  Ammophila a r e n a r ia  where on ly  two p la n ts  
survived# I t  i s  th e  w r i t e r 's  o p in io n  th a t  th e  fUngus 
d id  n o t cause th e  d ea th  o f  th e s e  p lan ts#  They were in  
a  s e p a ra te  greenhouse from th e  o th e r  p o ts  and d u rin g  th e  
summer months i t  g e ts  v ery  h o t re ac h in g  a  tem p era tu re  o f  
90- 95^ Fah# The sand became v e ry  h o t and w a te rin g  
could  have r e s u l te d  in  steam ing  th e  r o o ts ,  p a r t i c u la r ly  
because th e y  were in  th e s e  sm all pots#  F requen t repe­
t i t i o n  o f  t h i s  would undoubtedly  k i l l  th e  p la n ts#
8 5
In t h is  phase o f  the experiment the con tro l pots 
had no fUngal in o cu la tio n s except fo r  th ose  which m i^ t  
have survived  the p rocess o f  s t e r i l i z a t io n  or those which 
were la t e r  introduced by a ir  currents# The e f f e c t  o f  
th ese  fungi would have balanced out s in ce  they  would 
have a ls o  been p resen t in  the in ocu lated  pots#
RbbuU b
Tables 11 and 12 show th e average dry w e i^ t s  in  
grams o f  a l l  the th ree  grasses grown in  p ots which were 
in ocu lated  with th e  f iv e  fUngi in  both S er ie s  1 emd 2#
table 11
P ry  Weldx'ts o f  A e r ia l  P a r ts  o f  Qihbbbb In
À  14 f m m
(The number o f  p la n ts which survived  
are  shown in  brackets)
G rasses^^^
Con­




leuoa Psathyk-r e l la
P eziza E 1
A. jun cei— 1.51 2.29 3.30 2.51 1.78 3.95fe m e (8) (8) (9) (10) (2) (8)
A# aren­ 0.52 1.43 1.65 1.88 0.19 1.63a r ia ( 9 f (10) (10) (5) (2) (10)
S# aren— 2.23 3.03 3.34 2.37 2 .08 2.26a r iu s (8) (10) (5) (9) (6 ) (10)
The averages were again  s t a t i s t i c a l l y  analysed# Because 
th e f ig u r es  were so few, th e  comparisons which could be 
made s t a t i s t i c a l l y  were lim ited# However, from the  
t - t e s t  fo r  the s ig n if ic a n c e  o f  d ifferen ces  between th e  
averages a t  the 9^ le v e l  o f  s ig n if ic a n c e , th e  fo llo w in g  
have been deduced s—
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(1 )  The average d ry  w e i ^ t  o f  a l l  th e  g ra s se s  grown 
w ith  MelEmoleuca was s ig n i f i c a n t ly  h i ^ e r  th an  
th e  average o f  a l l  th e  g ra s se s  in  th e  c o n tro l .
( 2 ) The average dxy w eight o f  a l l  th e  g ra sse s  grown 
w ith  E 1 was s ig n i f i c a n t ly  g r e a te r  th an  th e  
av e rag e  o f  a l l  th e  (p a sse s  in  th e  co n tro l#
( 3) The average  dxy weight o f  a l l  th e  g ra s se s  grown 
w ith  (a )  M elanolaaoa and  (b )  w ar. a i g n i f i -  
o a n tly  b l# ie r  th a n  th e  av e rag e  o f  a l l  th o se  
grown w ith  P e z iz a .
In  a l l  th e  o th e r  p o s s ib le  com binations, th e r e  was no 
s ig n i f i c a n t  d if fe re n c e s  between th e  averages in  th e  
o v e ra l l  d ry  w eights#
The r e s u l t s ,  th e r e fo r e ,  show a  s t a t i s t i c a l  
p r o b a b i l i ty  th a t  M elanoleaoa and £ 1 had some 
s t im u la to iy  e f f e c t  o ver th e  c o n tro l  on th e  d ry  w e i^ t s  
o f  th e  g ra sse s  a s  a  w hole. These a v e ra g e s , however, 
were n o t s ig n i f i c a n t ly  d i f f e r e n t  from th o se  w ith  th e  
o th e r  fu n g i, except P e z iz a . and so th e  e f f e c t  can be 
reg ard ed  a s  n e g lig ib le #  U nfavourable environm ental 
c o n d itio n s  may be re sp o n s ib le  f o r  th e  s ig n i f i c a n t  
d if fe re n c e  observed w ith  P e z iz a #
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table 12
Dry WqlBfatB o f  A eria l P arts o f  Q rw ew  in
S « r iM  ? 4n
(The m uther o f  p la n ts  which su rv iv ed  
a r e  shown in  b ra c k e ts )
G r a s s e i^ ^ ^
Con­





Psathy—r e l i a P ez iza
E 1
A# ju n c e i— 1#92 2 .47 2 .46 1#28 1 .46 1.52forme ( 4 ) (8 ) ( 9 ) ( 4 ) (6 ) (6 )
A# a re n ­ 1 .06 1 .0 8 1 .29 6 .9 0 1 .02 1 .87a r i a (2 ) (10) ( 5 ) (4 ) (2 ) (5 )
E# a r e n - 1.49 3 .09 2 .23 1.63 2 .6 0 1.88a r iu s ( 3) (8 ) ( 9 ) (4 ) (8 ) (7 )
In  t h i s  s e r i e s ,  th e  average  d ry  w eight o f  a l l  th e  g ra sse s  
grown w ith  Ca d u n en sis  was s ig n i f i c a n t ly  g r e a te r  th a n  
th e  av e rag e  o f  a l l  th e  g ra sse s  grown w ith  P s a th v re l la  
^  A ll th e  o th e r  com binations th e re  were 
no s ig n i f i c a n t  d if fe re n c e s#
Taken a s  a  w hcle , th e re  was a  s ig n i f i c a n t  
d if f e re n c e  between th e  average  o f  a l l  th e  g ra sse s  in  
S e r ie s  1 and th o se  in  S e r ie s  2 , th o se  in  S e r ie s  1 g iv in g  
h i ^ e r  averages#
PiBCUBBlOn
A m icroscop ic  s tu d y  o f  th e  anatomy o f  th e  ro o ts  
o f  th e  th r e e  g ra sse s  shows th a t  th e  endodermis c o n s is ts  
o f  2—3 la y e r s  o f  h i ^ l y  l i g a i f i e d  c e lls #  T his a c t s  a s  
a  b a r r i e r  to  fu n g al in f e c t io n  o f  th e  co nduc ting  
t is s u e s #  D uring th e  study  o f  in f e c t io n ,  no hyphae 
were observed  in  th e  endodermal c e l l s  n o r in  th e  s t e l e ,  
n o r in  th e  a c t iv e ly  growing ro o t region# N icolson  
( 1959} re p o r te d  th e  absence o f  v e s ic u la r - e rb u s c u la r
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m idophytes in  th e s e  t i s s u e s  a s  w ell#  The p a r t s  o f  
th e  ro o ts  which a r e  re sp o n s ib le  f o r  th e  a b s o rp tio n  o f  
w ate r and  m inexal s a l t s ,  and th e  conduction  o f  th e se  
to  th e  a e r i a l  p a r ts  a r e  no t in f e c te d  so th a t  th e se  
fu n c tio n s  a r e  no t o b s tru c te d  by th e  p resen ce  o f  hyphae 
in  th e  ro o ts#  T h e re fo re , th e  p resen ce  o f  th e  fung i 
in  th e  c o r t i c a l  c e l l s  should  no t have any d e le te r io u s  
e f f e c t  on th e  dry  w eight o f  th e  a e r i a l  p a r ts#
A lthou#! hyphae were seen  in  c o r t i c a l  c e l l s ,  th e re  
was no s ig n  o f  d ig e s t io n  to  su g g est exchange o f  m a te r ia l  
o r  a  c a se  c f  p a ra s itism #  A lso , i f  th e  fu n g i c o n tr i­
b u ted  to  th e  n u t r i t i o n  o f  th e  g ra s s e s , i t  would be 
n e c e ssa ry  f o r  th e  fu n g i to  have good supp ly  o f  e x te rn a l 
m ycelia to  ta k e  up th e  m a te r ia l  from th e  s o i l#  This 
was a t  no tim e observed#
Zak ( 1964) p o in te d  out th a t  e c to tro p h io  m ycorrh iza l 
fUngi may p ro te c t  th e  ro o ts  in  fo u r  ways -  ( l )  by 
u t i l i z i n g  th e  su rp lu s  ca rb o h y d ra tes  and th u s  reducing  
th e  a t t r a c t iv e n e s s  o f  th e  ro o t to  pa thogens, (2 )  by 
se rv in g  a s  a  p h y s ic a l b a r r i e r  to  in f e c t io n ,  (3 )  by 
s e c r e t in g  a n t ib io t i c s  and ( 4 ) by fav o u rin g  a lo n g  w ith  
th e  r o o ts ,  p ro te c t iv e  rh izo sp h e re  o rganism s. E xtending 
th e s e  fu n c tio n s  o f  m ycorrh iza l fu n g i to  th e  fu n g i o f  th e  
sand-dune i s  perhaps no t a d v is a b le ,  b u t a  fungus l ik e  
E 1 cou ld  very  w e ll be perfo rm ing  a t  l e a s t  th e  f i r s t  
two o f  th e  fo u r  fu n c tio n s#
H arley  (1957) c i t e d  th e  work o f  Brook (1952) and 
M orrison (1957) where th ey  b o th  showed th a t  P ex^ettva  
se e d lin g s  were s tim u la te d  in  growth by m ycorrh iza l 
f in g i  e s p e c ia l ly  on n u tr ie n t-p o o r  s o i ls #
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H arley  and MoCready (1 9 5 2 ), H arley  and B r le r le y  
(1954 and 1955) deraonstm ted  th e  u p tak e  o f  phosphate 
by nyoorahissal ro o ts  and th e  d i s t r ib u t io n  o f  t h i s  sub­
s ta n c e  between h o s t and fUngus. The sand -dunes a r e  
vexy po o r in  n u t r ie n t s  e s p e c ia l ly  n i tx a te s ,  phosphates 
and po tassium  ( W ill is  and Team, 1961$ W ill is  I 963 and 
1965; O liv e r  1967)# Even i f  th e  fUngi u n d er in v e s t i— 
g i t io n  a r e  n o t c o n tr ib u t in g  to  th e  n u t r ie n t  supply  o f  
th e  g la s s e s ,  th e  ex perim enta l r e s u l t s  do n o t suggest 
th a t  th e  h o s t—fungus r e la t io n s h ip  i s  d e tr im e n ta l to  
th e  host#
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5a  ( l i )  ( c )  Root In fe c t io n
The p ro d u c tio n  o f  sporophoree hy Conocvhe and 
P s a th v re l la  in  th e  p o ts ,  i s  v i s u a l  p ro o f  t h a t  th e  
m ycelia were a c t iv e ly  gro iring, b u t i t  does n o t in d ic a te  
W iether th e  ro o ts  o f  th e  g ra sse s  in  th o se  p o ts  and in  
th e  p o ts  w ith  K elano leuoa. P ez iza  and B 1 were in fe c te d  
o r  note % e r e f o r e , m icroscop ic  exam ination  o f  th e  
in d iv id u a l ro o ts  was c a r r ie d  ou t a s  d i r e c t  ev idence o f  
th e  deg ree  o f  in f e c t io n  which to o k  p la c e .
The method u sed  f o r  th e  d e te rm in a tio n  o f  in fe c t io n  
was d e sc r ib e d  in  S e c tio n  2 ( b ) ( i i )  and some o f  th e  o b se r­
v a tio n s  a r e  shown in  T ables 13 and 14 and P la te s  57-64# 
A ^ l t s
(1 ) A gw iBm l p a t te r n  o f  growth was observed  w ith  th e  
ro o ts  o f  a l l  th e  g ra s s e s .  They grew to  th e  bottom  o f  
th e  p o ts  p roducing  v e ry  few la te r a l s #  From th e  
bottom  th e y  tu rn e d  outw ards and grew v ery  c lo s e ly  
around th e  s id e  o f  th e  p o ts  so t h a t  th e  g r e a te r  p a r t  
o f  th e  ro o t system  was con fin ed  to  th e  low er t h i r d  o f  
th e  pots#
( 2 ) M a jo rity  o f  th e  p la n ts  o f  d .  .Iunceiforme had ro o ts  
which were brown in  co lo u r and appeared  to  be very  
u n h ea lth y  under a l l  th e  c o n d itio n s  o f  th e  experim ent#
In  th e  o th e r  two g ra s se s  brown c o lo ra t io n  was p re se n t 
in  p a tch es  a lo n g  th e  le n g th  o f  th e  roo ts#  T his d is ­
c o lo ra t io n  was n o t a s s o c ia te d  w ith  th e  p re sen ce  o f  fUngi#
( 3) The c o r t ic e s  o f  many ro o ts  and e s p e c ia l ly  th e  brown 
ones were v e ry  e a s i ly  se p a ra te d  from th e  c e n t r a l  s te le #
( 4 ) Except f o r  th o se  g ra sse s  whioh were grown w ith  E 1 . 
a l l  th e  in f e c t io n s  seen  in  th e  ro o ts  were co n fin ed  to
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When i n t e r n a l ,  th e y  were c h ie f ly  i n t r a c e l l u l a r  and d id  
no t cause any obvious damage to  th e  c e l l s ,  n c r  to  th e  
ro o ts  a s  a  w hole.
In  th e  ro o ts  o f  Agropyron# in f e c t io n  was h e a v ie s t in  
th o se  which were a s s o c ia te d  w ith  th e  f r u i t  bodies#  Even 
th en  i t  was co n fin ed  to  th e  f i r s t  4cm o f  th e  crown reg io n  
o f  th e  o ld e r  ro o ts#
Roots In o c u la te d  w ith  Pezlga
In  c u l tu re  t h i s  fungus has no d is t in g u is h in g  f e a tu re s  
and i t  was im p o ssib le  to  t e l l  w hether th e  hyphae were 
th o se  o f  P e s is a  o r  th o se  o f  a  contam inant#
Roots In o o ttla ted  w ith  S 1
In  Amaophtla ro o ts  and ro o ts  o f  Aaropyron and 
Elywus id iere  th e  in f e c t io n  was n o t s e v e re , hyphae were 
p re se n t in  th e  o u te r  cortex#  Some c e l l s  were f i l l e d  
w ith  hyphae b u t th e  c e l l  w a lls  were s t i l l  p re sen t#
Some ro o ts  had no hyphae in  th e  two outerm ost la y e rs  
o f  c e l ls #
Vezy h e a v ily  in fe c te d  a re a s  were seen  m acro sco p ica lly  
a s  w h ite  reg io n s ( " le s io n s ” ) on th e  prim azy ro o ts  o f  
ElvnuB and Agropyron (P la te s  54-56)# A tra n s v e rs e  
s e c t io n  o f  one o f  th e s e  le s io n s  shows th e  hyphae 
occupying th e  W id e  o f  th e  c o r te x  except f o r  th e  two 
outezm ost la y e rs  o f  c e l ls #  The m a jo rity  o f  c e l l  w a lls  
had d isa p p ea re d  in  th e  reg io n  occup ied  l y  fUngal hyphae, 
p robab ly  a s  a  r e s u l t  o f  enzymes s e c re te d  by th e  fUngus 
a f t e r  th e  hyphae had e n te re d  th e  c e l ls #  Some le s io n s  
com plete ly  e n c irc le d  th e  s t e l e  id i i le  o th e rs  formed in ­
com plete c i r c le s #  I t  would a p p e a r , th a t  th e  fUngus 
sp read s l a t e r a l l y  a s  w ell a s  lo n g i tu d in a l ly  from th e  
p o in t o r  p o in ts  o f  in fe c tio n #
PLATE 5 4
Roots o f  A. .jiinceiform e showing pa tch y  d e c o r t i­
c a tio n  (a )  and w hite  le s io n s  (h ) caused hy  B 1# 
(x  1 ) .
PLATE _
A ro o t o f  A. .iunceiform e i l l u s t r a t i n g  d e c o r t i­
c a tio n  a f t e r  in f e c t io n  hy 1 l ( o ) ,  (x 2 ) .
PLATE 56
Roots o f  E. a re n a r iu s  showing d e c o r t ic a t io n  (a )  
and w hite le s io n s  ( h ) , (x  l )  caused hy E 1 #
I  ■ w 1
J

93In  oasee Wiere no le s io n s  were p r e s e n t , balboas 
hyphae a s  w ell a s  narrow  ones were p resen t#  From th e  
orown t o  th e  t i p  th e r e  was an In c re a se  o f  s t r a l ^ t  
hyphae and a  d ec re ase  o f  bulbous ones. One ro o t which 
was 17cm long  had le s io n s  a lo n g  i t s  e n t i r e  length#
A nother one Wiich was 60om lo n g  had a  le s io n  which ez^ 
tended  13cm from th e  crown o f  th e  roo t#  Hyphae decreased  
in  q u a n t i ty  b u t were p re se n t to  ju s t  beh ind  th e  t ip #  
Lesions a r e ,  th e r e f o r e ,  th e  extrem e s t a t e  o f  in f e c t io n  
vdiich s t a r t s  a t  th e  orown reg io n  and slow ly  works i t s  
way down. I f  g iven  enou#i tim e th e  lUngus could  
p robab ly  occupy a l l  th e  roo ts#
I t  was d i f f i c r t l t  to  t e l l  how th e  fb n g i passed  from 
one c e l l  to  a n o th e r . No b o re -h o le s  were observed , and 
s in c e  th e  hyphae n a tu r a l ly  form c o n s t r ic t io n s  a lo n g  t h e i r  
le n g th , i t  was n o t p o s s ib le  to  conclude t h a t  th ey  p assed  
t h r o u ^  p i t s  by c o n s t r i c t io n s .
% p^@  were seen  in  some l a t e r a l  ro o ts  b u t th ey  
appeared  to  have p assed  out from th e  main r o o t .
There was ev idence  o f  p a tch y  d e c o r t ic a t io n  a lo n g  
th e  le n g th  o f  th e  ro o t ( P la te  5^) and i t  would appear 
th a t  a f t e r  th e  o o r t i c a l  c e l l  w a lls  have been broken 
down by th e  fUngus, th e  e n t i r e  c o r te x  w ith  th e  hyphae 
sh reds o f f  le a v in g  th e  endodermis exposed# Waid ( 1962) 
however, observed t h a t  th e  fu n g i o f  th e  o u te r  c o r te x  o f  
decomposing ly e -g ra s s  ro o ts  moved inwards a s  th e  ro o ts  
decayed and he su g g ested  th a t  t h i s  was because o f  th e  
a v a i l a b i l i t y  o f  oxygen in  th e  d i f f e r e n t  p a r ts  o f  th e  
cortex#
B 1 behaved l i k e  an  o b l ig a te  p a r a s i t e  in  th a t  th e  
hyphae were e n t i r e ly  i n t r a c e l l u l a r  (Brown, 1936) bu t 
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T .S. o f  root o f E. o.rcnarius ohoi-fiijj early  sta^e  
o f in fe c t io n  by E 1 (x  100) •
PLATE 58
T .S . o f  ro o t o f  E. arenaxdus a t  a l a t e r  
s ta g e  o f  in f e c t io n  (x  6 o ) •

PLATE 59
T .S. a c ro ss  a  le s io n  in  A. .junceiform e showing
(a )  ep iderm is and o u te r  c o rtex  f r e e  from in fe c t io n
(b) c o r t i c a l  c e l l s  be ing  invaded
( c) rem ains o f  h o s t 's  c e l l  w a lls
(d) 3 - la y e re d  endodermis f re e  from in f e c t io n  (x  400)*
60
T ân g en tia l lo n g itu d in a l  s e c t io n  o f  ro o t o f 
A. a re n a r ia  in fe c te d  by M. grammeÿlodia .
(a )  sw ollen  hyphae (xlO O).

PLAT]] 61
T .L .b . ro o t o f  A» junceiform e w ith  hyphae o f 
F s a th y re l la  ammophila ( a) , x  100.
PLATS 62
T .L .S , ro o t o f  S . a re n a r iu s  showing hyphae o f 




T .L .S . ro o t o f  A. a r e n a r ia  h e a v ily  in fe c te d  by 
C. d u n en s is . x  100.
PLATE 64
L a te ra l  ro o t o f  A. a re n a r ia  w ith  hyphae o f 






I t  has been r e a l iz e d  by many workers th a t  s t e r i l i z e d  
s o i l s  a r e  always somewhat abnorm al f o r  th e  growth o f  th e  
h o s t and th e  fungas s in c e  th ey  a r e  changed b io lo g ic a l ly ,  
s t r u c t u r a l l y  and chem ically  and a r e  sometimes to x ic  
(Gerderaann, 1964)* T h erefo re i n e g a tiv e  r e s u l t s  o r  
abnorm al in fe c t io n s  do not dem onstrate  th a t  a  fungus i s  
u n ab le  to  form m yoorrhiza (H arley , 1957)# The d a ta  
o b ta in ed  from pure c u l tu re  s tu d ie s  and a r t i f i c i a l  la b o rs^  
to ry  experim ents a r e  no t always a p p lic a b le  to  th e  a c t i ­
v i t i e s  o f  sap rophy tes o r  p a r a s i te s  in  t h e i r  n a tu ra l  
environm ent where th e y  a r e  su b je c te d  to  th e  d iv e r s i t i e s  
o f  a  rh izo sp h e re  comirrmity. b o i l  r e a c t io n  i s  im portan t 
and in f lu e n c e s  ro o t in f e c t io n  ac co rd in g  to  th e  m oistu re  
c o n te n t, pH, carbon d io x id e  and oxygen c o n c e n tra tio n , 
to x in s  and n u t r i e n t s .  T ay lo r and P ark inson  ( 1964) 
s tu d ie d  th e  e f f e c t  o f  c e r ta in  environm ental co n d itio n s  
on th e  development o f  ro o t s u r fa c e  m yoofloras on dw arf 
bean ro o ts  and concluded th a t  s o i l  environm ent lOEiy 
a f f e c t  th e  in c id en ce  o f  fbng i on p la n t ro o ts  in  th re e  
ways; ( i )  i t  may have a  d i r e c t  e f f e c t  on fu n g a l growth 
in  th e  s o i l  a d ja c e n t to  th e  r o o t ,  ( i i )  i t  may a f f e c t  th e  
growth and m etabolism  o f  th e  ro o t and ( i l l )  i t  may have 
a  jo in t  e f f e c t  on th e  fungus—ro o t re la tio n s h ip #
Kouyeas ( 1964) re p o r te d  th a t  fu n g i grew b e t t e r  in  
s o i l s  w ith  low w ater co n ten t and su g g ested  t h a t  th e  
su p p ress io n  o f  growth u n d er c o n d itio n s  o f  h i ^ i  w ater 
co n ten t may be due to  r e s t r i c t e d  a e ra t io n  o r  a  h i ^  
carbon d io x id e  c o n c e n tra tio n . 2ak ( I 964) a s c r ib e d  
dy ing  t r e e  r o o t le t s  to  poor a e r a t io n  idien th e  s o i l s
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were %ret# G a rre tt (1937) d id  n o t th in k  th a t  a  carbon 
d io x id e  c o n c e n tra tio n  which was h i ^  e n o u ^  to  r e ta rd  
th e  growth o f  fu n g i would be o f  common o ccu rrence  in  
s o i l  atm osphere* T h is , however, does n o t r u le  out th e  
p o s s i b i l i t y  o f  low oxygen a n d /o r  h i ^  carbon d io x id e  
c o n c e n tra tio n  in  a  p o t o f  th e  s iz e  which was u sed  in  
th e  c u r re n t in v e s tig a tio n *
A ll t r e e  m yoorrh lzal fbng i in v e s t ig a te d  w ith  re sp e c t 
to  pH have been found to  be a c id o p h i l ic  (M elin , 1953) b u t 
d i f f e r e n t  sp e c ie s  r e q u ir e  d i f f e r e n t  pH* L a c ta r iu s  
d e l ic io s u s  has an  optimum pH o f  5*5-6*0 (H arley , 1957) 
w hile  B o le tu s  e le m n s  has an  optimum o f  4*0-5*5 (How, 
1941) .  S ince  s t e r i l i z a t i o n  can change th e  pH o f  s o i l s ,  
th en  i t  i s  l ik e ly  t h a t  th e  sand m ix tu re  in  th e  p o ts  had 
a  d i f f e r e n t  pH from th a t  in  th e  sand-dunes where th e  
fung i th r iv e *  Uarcup ( l9 5 l )  found th a t  p a r t i a l  s t e r i ­
l i z a t i o n  by steam o r  fo rm alin  appeared  to  e x e r t  a  
d e le te r io u s  e f f e c t  ca u s in g  profound changes in  th e  
m icro f lo r a  and fhuna o f  th e  s o i l  even a f t e r  th r e e  months* 
He a s s o c ia te d  th e  changes w ith  th e  fh o t th a t  s t e r i l i z a ­
t io n  a f f e c t s  th e  p h y s ic a l  p ro p e r t ie s  o f  th e  s o i l  and 
in c re a se d  th e  s o lu b i l i t y  o f  many n u tr ie n ts *  S t e r i l i ­
z a tio n  by a u to c la v in g  can change th e  environm ent by 
removing th e  in h ib i to r y  e f f e c t  caused  by s o i l  m ycostasis  
on hyphal growth in  s o il*  However, Dobbs and Gash 
( 1965) found th a t  a l l  th e  in v e s t ig a te d  sands which were 
d e f ic ie n t  in  o r ^ n i c  m a tte r  i*e* th o se  from m obile dunes 
and sea  s t r a n d ,  e x h ib ite d  a  s tro n g  r e s id u a l  in h ib i t io n  
a f t e r  au to o lav in g *  Both th e  calcium  ca rb o n a te  and th e  
f e r r i c  ions may c o n tr ib u te  to  th e  r e s id u a l  m ycostasis in  
th e se  s o i l s #
97The q o n d ltio n s  o f  th e  p re se n t experim ent a r e :— 
th e  s o i l  was tak en  from a  m obile done, ( th e r e f o r e ,  low 
n u t r ie n t  supply  and p o s s ib le  r e s id u a l  m y co stas is} , i t  
was a u to c  lav ed  o r  steam ed ( th e r e f o r e ,  wrong pH, b io ­
lo g ic a l ,  chem ical and p h y s ic a l changes) and th e  p la n ts  
were grown under th e  co n d itio n s  r e s t r i c t e d  by th e  s i s e  o f  
a  5" p o t ,  ( th e r e f o r e ,  low oxygen and h i ^  carbon  d io x id e  
p o s s i b i l i t i e s ) #  A ll  th e s e  a d v e r s i t i e s  to  h e a lth y  p la n t 
growth m ight have caused  poor growth o f  th e  fu n g i and 
co n seq u en tly , low in f e c t io n  o f  th e  roo ts#
I t  has been e s ta b l is h e d  t h a t  m ioro-organism s 
f lo u r i s h  in  rh iz o sp h e re s  c h ie f ly  because o f  substanoes 
b e in g  exuded from th e  ro o ts#  P earson  and P ark inson  
( 1961) determ ined  th e  s i t e s  o f  e x c re tio n  o f  n in h y d rin  
p o s i t iv e  su b stan ces  to  be c o r r e la te d  w ith  th e  c e n tre s  
o f  h i# i  p r o te o ly t ic  a c t i v i t y  w ith in  th e  roo t#  Working 
w ith  b road  b ean s, th e y  found th a t  exuda tion  reached  i t s  
peak one day a f t e r  p la n t in g  and th e n  f e l l  o f f  quickly# 
However, th e re  was a  l im ite d  re g io n  ju s t  beh ind  th e  t i p  
Wiich co n tin u ed  to  exude sm all q u a n t i t ie s  o f  n in h y d rin  
p o s i t iv e  substances#  The ro o ts  o f  th e  g ra s se s  b e in g  
s tu d ie d  were con fin ed  to  th e  low er t h i r d  o f  th e  p o ts  and 
th e  fb n g i were slow  growing# I t  i s  vezy d o u b tfu l th a t  
th ey  had grown down to  th e  le v e l  where t h e i r  growth 
could  be in f lu en c ed  by th e  p o s s ib le  exudates# In Ih c t 
th e re  were no hyphae in  a s s o c ia t io n  w ith  th e  young 
reg io n s  o f  th e  ro o ts#  F urtherm ore , w a te rin g  would have 
caused downward le a c h in g  o f  th e s e  su b stan ces making them 
le s s  a v a i la b le  to  th e  hyphae# I f  ro o t ex u d a tio n  i s  th e  
main f a c to r  which d eterm ines th e  growth o f  fu n g i in  th e  
rh iz o sp h e re , th en  th e s e  fu n g i d id  n o t th r iv e  in  th e  p o ts
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because o f  th e  absence  o f  ro o t exudates in  t h e i r  e»» 
v iroam ent and t h e i r  i n a b i l i t y  to  keep pace w ith  th e  
ra p id ly  growing ro o ts#
In  G a rre tt  *8 accoun t o f  th e  b io lo g y  o f  ro o t 
in f e c t in g  fu n g i, ( G a r r e t t , 1956) he  s t a t e s  th a t  " in f e c ­
t io n  i s  a  s tru g g le  between th e  o f fe n s iv e  fo rc e s  o f  th e  
p a r a s i te  and th e  d e fe n s iv e  fo rc e s  o f  th e  host#  The 
is s u e  o f  th e  s t r u g g le  i s  d ec ided  by th e  e x te n t o f  th e  
re se rv e s  on e i th e r  s id e"#  At th e  tim e o f  in o c u la t io n , 
b o th  th e  h o s t and th e  fh n g i were a c t iv e ly  growing — th e  
h o s ts  b e in g  s e e d l in g s ,  were a t  a  vexy s u s c e p t ib le  s ta g e  
to  p a ra s itism #  I f  th e  fu n g i were p o te n t ia l  p a r a s i te s  
and were p o te n t ia l ly  capab le  o f  p e n e tz a tin g  th e  ro o t 
s u r fa c e s ,  th e y  would have done so  a t  th a t  tim e i f  t h e i r  
inoculum p o te n t ia l  was enou#i# A s l i ^ t  d e lay  would 
enab le  th e  fh s t  growing ro o t to  escape in fe c tio n #
There was l i t t l e  ev idence  o f  them p e n e tr a t in g  th e  r o o ts ,  
and Wien th e y  d id  th e y  m i ^ t  have done so a c t iv e ly  o r  
p a s s iv e ly  ( th e  l a t t e r  w i l l  be d isc u sse d  in  a n o th e r  
paragzaph) # I f  th e  p e n e tr a t io n  was a c t iv e  th e n  th e  
o f fe n s iv e  fo rc e s  o f  th e  h o s t m i ^ t  have aooounted  f o r  
th e  low in fe c tio n #  By th e  tim e th e  ro o ts  became 
sen escen t and  le s s  a b le  to  ward o f f  in f e c t io n  (Waid, 1957)# 
th e  fu n g i had p robab ly  lo s t  th e  c a p a c ity  to  invade th e  
host#  P r im itiv e  p a r a s i t e s  have been  d e fin e d  by G a rre tt 
( 1956) a s  th o se  which az^  so r e s t r i c t e d  by h o s t r e s i s ­
ta n c e  t h a t  th ey  oan in f e c t  only  s e e d lin g  h o s t  p la n ts ,  
immature o r  sen esc en t ro o t t i s s u e s  o f  o ld e r  p la n t s ,  o r  
ro o t system s o f  p la n ts  growing u n d er ad v e rse  co n d itio n s#  
The tim e o f  in f e c t io n  o f  th e  g ra s se s  by B 1 . Conooarbe 
o r  P a a th v re l la  i s  n o t known b u t th e  p o s s ib i l  i t y  o f  them 
b e in g  p a r a s i t e s ,  p r im it iv e  o r  o th e rw ise , cannot be
9 9ru le d  ou t u n t i l  f u r th e r  c o n s id e ra tio n  has been given 
to  t h e i r  growth in  th e  s o il*
D e c o rtio a tio n  i s  a  common phenomenon in  r o o ts .
As th e  ro o t ages th e  ro o t h a i r s  and o u te r  la y e r s  o f  
c o r te x  a r e  sloughed o f f  and u n le s s  th e re  i s  th e  p roduc­
t io n  o f  co rk  o r  l i g n i f i e d  t i s s u e  t h i s  w i l l  co n tin u e  
u n t i l  th e  e n t i r e  c o r te x  i s  lo s t#  T his i s  th e  s i t u a t io n  
in  th e  g rasses#  G adgil ( 1963) d id  no t observe  
v e s ic le s  o f  v e s io u la r - a rb u s o u la r  en d o tro p h ic  m yoorrhiza 
in  g ra s se s  u n t i l  th e  g ra sse s  were s ix te e n  weeks old#
There was s tro n g  development o f  m ycorzh izal fu n g i from 
16-40  weeks a f t e r  g erm in a tio n  o f  th e  seeds# D eoorti— 
c a tio n  d id  n o t b eg in  u n t i l  a f t e r  t h i r t y  weeks# Judg ing  
from th e  degree o f  d e c o r t ic a t io n  observed  in  th e  sand - 
dune g ra s s e s ,  i t  would have s t a r t e d  much e a r l i e r  in  
th e s e  g ra s se s  th an  in  th o se  s tu d ie d  by Ghdgil# However, 
h i s  o b se rv a tio n  s tre n g th e n s  b u t does no t confirm  th e  
su g g e s tio n  made on p a g e ^5 th a t  d e c o r t ic a t io n  occurred  
a s  a  r e s u l t  o f  in f e c t io n  by S 1.  There was no evidence 
t h a t  in f e c t io n  by Conocvbe o f  o o r t i c a l  c e l l s  to o k  p lao e  
b e fo re  o r  a f t e r  d e c o r t ic a t io n  so th a t  th e  above sugges­
t io n  cannot be ex tended  to  cover a l l  th e  c a se s  o f  
d e c o r t ic a t io n  which were observed# A lso , th e r e  i s  no 
ev idence to  show how o r  when i t  was in i t i a t e d #
D uring  th e  p re s e n t s tu d y  o f  in f e c t io n s ,  hyphae were 
observed  among ro o t h a i r s  more f re q u e n tly  th a n  on o r  in  
th e  o o r t i c a l  c e l ls #  F a ilu re  o f  th e s e  hyphae to  in f e c t  
th e  ro o ts  may be due to  la c k  o f  growth because o f  s à l l  
c o n d itio n s  which were d e sc r ib e d  in  an  e a r l i e r  
paragraph# On th e  w hole, th ey  m i ^ t  be in d i f f e r e n t  
to  th e  p resen ce  o f  th e  r o o ts ,  and were on o r  in  th e
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c o r te x  o r  among th e  ro o t h a i r s  hecause  th ey  happened to  
he in  th e  same environm ent. T his s i t u a t i o n  was r e f e r r e d  
to  e a r l i e r  a s  p a s s iv e  in f e c t io n .  They m i ^ t  a ls o  be 
ty p ic a l  rh iz o sp h e re  fu n g i and would be more f re q u e n tly  
p re se n t in  t h i s  e c o lo g ic a l n iohe  th a n  in s id e  th e  ro o t .  
Many w orkers have s tu d ie d  th e  d i s t r ib u t io n  o f  fung i in  
th e  rh iz o sp h e re s  o f  d i f f e r e n t  p la n ts  (H arley  and Waid, 
19531 C h este rs  and  P ark in so n , 19591 Pazkinson  and 
C lark e , 1961$ T ay lo r and P ark in so n , 196I  and  1965$
P u # i, 1962 and P a rk ih se n , T ay lo r and  P earso n , 1963) .
I t  i s  th e  w rite r*  8 o o n v io tio n , however, t h a t  th e  
prim azy reaso n  f o r  absence o f  in f e c t io n  was a  low 
inoculum p o te n tia l#  G b rre tt (1956) in tro d u ce d  t h i s  
term  and  d e fin e d  i t  a s  " th e  energy o f  growth o f  a  fhngus 
( o r  p a r a s i t e )  a v a i la b le  f o r  th e  c o lo n iz a tio n  o f  a  sub­
s t r a t e  ( o r  h o s t)  a t  th e  su rfh o e  o f  th e  s u b s t r a te  to  be 
co lon ized" # The inoculum p o te n t ia l  can be in c re a se d  
in  two ways:—
(a )  by in c re a s in g  th e  number o f  in f e c t in g  im i ts  o f  th e  
fhngus p e r  u n i t  a r e a  o f  th e  roo t#  In  s e t t i n g  up th e  
experim ent 12 sq mm o f  a g a r  w ith  a c t iv e ly  growing 
mycelium was in o c u la te d  in to  each pot#
(b ) by in c re a s in g  th e  n u t r i t i o n a l  s ta tu s  o f  such u n its #  
De Bazy ( I 887) was th e  f i r s t  to  n o t ic e  t h a t  th e  p e n e tz a -  
t i o n  o f  th e  h o s t p la n t  by S c le r o t in ia  so le ro tio ro m  
depended on th e  n u t r i t i o n a l  s t a tu s  o f  th e  fu n g a l 
inoculum and f h i le d  to  occur i f  t h i s  was inadequate#
S ince  t h a t  tim e , th e  s u b je c t  has a t tz a o te d  much 
a t te n t io n #
MoArdle (1932) s t i r r e d  m ycelia  fr o ta  c u l tu re s  made 
on a g a r  c o n ta in in g  on ly  m alto se  in to  th e  sand m ix tu re  and
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o b ta in ed  eu o o e ssfa l myoorxhiza on c o n ife r  seedlingB # 
However, How (1942) u sed  chopped g lucose  a g a r  o u l tu rw  
in  h e r  experim ent and  th e  fb n g i f h i le d  to  e s ta b l i s h  
them selves# She a t t r i b u t e d  t h i s  f a i l u r e  to  th e  a ^ r  
medium s in c e  t h i s  becomes exhausted  o f  n u t r ie n t s  b e fo re  
th e  slow  growing m ycelia had had tim e to  e s ta b l i s h  
them selves in  th e  s o i l#  There was no m y co rrh isa l 
fo rm ation  when saw dust compost c u l tu re s  were used  
e i t h e r ,  so  she su g g ested  th a t  some s o i l  co n d itio n s  were 
neoessazy  f o r  th e  e s tab lish m e n t o f  m yoorrhiza w ith  
la ro h  se ed lin g s#  Agar in o cu la  were u sed  in  th e  p re se n t 
experim ent b u t i t  no doubt has th e  same l im i ta t io n s  a s  
th o se  ex p ressed  by How (1942)•
G a r re tt  (1956) m entioned t h a t  in f e c t io n  was un­
su c c e s s fu l  Wien a g a r  was used# He grew th e  fungus on
a  s u i t a b le  medium l i k e  a  m ix tu re  o f  s t e r i l i z e d  s o i l  o r  
sand w ith  maize meal and mixed i t  in  h i ^  p ro p o rtio n  
w ith  th e  s o i l#  These h e a v ily  in o c u la te d  s o i l s  r e s u l te d  
in  s u c c e s s fu l  in o c u la tio n s#
T h e re fo re , th e  inoculum p o te n t ia l  i s  p robab ly  a  
fu n c tio n  o f  th e  number and growth v ig o u r  o f  a c t iv e  
hyphal t i p s  p e r  u n i t  o f  th e  inoculum and p e r  u n i t  a re a  
o f  th e  s u b s tz u te  to  be in fec ted #  I f  hyphal t i p s  a r e  
p re se n t and th e re  i s  n o t s u f f i c i e n t  n u t r ie n t  supp ly  to  
g ive them th e  energy so u rce  neoessazy  f o r  p e n e tr a t io n ,  
in f e c t io n  w i l l  no t ta k e  plaoe# S ch ro th  and H ildebrand  
( 1964) r e la te d  ro o t exudates w ith  in f e c t io n  by suggest­
in g  t h a t  th e y  p ro v id ed  th e  pathogen w ith  a  tem porary 
supp ly  o f  n u t r ie n ts  e n a b lin g  i t  to  v e g e ta te  b r i e f l y  and 
in c re a s e  th e  number o f  in f e c t in g  u n i t s  p e r  u n i t  a re a  o f  
h o s t su rfhoe#  At th e  same tim e th e y  su g g ested  th e
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p o s B ib l l i ty  o f  ro o t e ru d a te s  low ering  th e  inoculum 
p o te n t ia l  by c o n ta in in g  to x io  eubstanoes which in h ib i t  
th e  growth o f  th e  pathogen#
Bjozkman (1949) and Handley and S anders (1962) have 
shown th a t  a  h i^ i  r a t i o  o f  s o lu b le  ca rb o h y d ra tes  in  th e  
ro o ts  to  th e  amount o f  n itro g e n  and phosphorus a v a i la b le  
to  th e  p la n t  encourages th e  fo n d a tio n  o f  m y co rrh isa l 
a s s o c ia tio n s #  T his m i ^ t  a l s o  accoun t f o r  th e  f h i lu r e  
to  produce in f e c t io n  in  cu ltu re #
Where th e  in f e c t in g  u n i t s  a r e  org& nised in to  
m y ce lia l s tra n d s  and rh isom orphs, G a rre tt (1956) i n f e r ­
red  t h a t  t h i s  in c re a se d  th e  in f e c t iv e  power a s  compared 
w ith  a  s in g le  hypha$&# I t  was observed  th a t  F s a th y re l la  
ammophila formed sm a ll m y ce lia l s tra n d s  which meandered 
among th e  ro o t h a irs#  T his m ight have been an  a ttem p t 
a t  in c re a s in g  i t s  in f e c t iv e  power b u t some o th e r  f a c to r  
p rev en ted  i t  from do in g  so on a  g r e a te r  sca le#  Only i f  
th e  c o n c e n tra tio n  o f  e f f e c t iv e  inoculum p e r  u n i t  a re a  
o f  ro o t s u r fa c e  i s  s u f f i c i e n t ly  h ig h  to  overcome th e  
h o s t ’ s  r e s is ta n c e  t o  in v as io n  w i l l  a  s u c c e s s fu l  and 
p ro g re s s iv e  in f e c t io n  occur# Qyphae o f  Conooybe#
and P c a th y re llf t  were seen  in  c e l l e  o f  th e  
c o r te x  which shows th a t  th ey  were p o te n t ia l ly  capab le 
o f  p e n e tr a t in g  th e  w alls#  I t  mig^ht be a rg u ed  th a t  th ey  
p e n e tra te d  dead o r  sen escen t c e l l s  b u t th e r e  i s  no 
s u b s ta n t ia t in g  ev idence fo r  th is #
Exam ination o f  th e  ro o ts  from th e  po t experim en t, 
gave th e  r e s u l t  t h a t  in f e c t io n ,  excep t in  E 1 was con­
f in e d  to  th e  orown re g io n  o f  a l l  ro o ts#  T h is ag rees  
w ith  th e  f in d in g s  o f  most w orkers e#g# C h este rs  and 
Pazkinson (1959) su g g ested  th a t  th e  fre q u en t occurrence
103o f  ftm gi in  th e  crown reg io n s  r e s u l t e d  from th e  
in c re a se d  number o f  dead ro o t c e l l s  superim posed on a  
dec reased  exu d a tio n  o f  o rg an ic  m a te r ia l  from t h i s  zone#
A s im ila r  co n c lu s io n  was a r r iv e d  a t  by R ovira (1 )65 ) 
t h a t  m oribund ro o t c e l l s  and ro o t  h a i r s  msike s ig n i f ic a n t  
c o n tr ib u t io n s  to  th e  p r o l i f e r a t io n  o f  organism s in  th e  
o ld e r  p o r t io n s  o f  ro o ts#  I f  th e  fu n g a l hyphae pene­
t r a t e d  th e  crown re g io n  w h ile  th e  ro o ts  were s t i l l  young 
and s u s c e p t ib le  to  in f e c t io n ,  th e  reaso n s f o r  d isco n ­
t in u e d  growth in  th e  h o s t c e l l s  a r e  no t c le a r#  There 
was no s ig n  o f  d ig e s t io n  to  su g g est h o s t r e s is ta n c e  to  
t h e i r  presence# I f  th e  fu n g i co lo n ized  th e  crown 
reg io n  a f t e r  th a t  re g io n  had become se n e sc e n t, th en  th ey  
must have su rv iv ed  in  th e  s o i l  a s  s o i l  sap ro p h y tes in  
which ca se  th e  dead c e l l s  o f  th e  o ld  ro o t would be new 
su b stra tu m  f o r  them to  co lon ize#  The q u e s tio n  a s  to  
w hether th e y  a r e  p a r a s i te s  which were l iv in g  in  condi­
t io n s  u n fav o u rab le  to  t h e i r  growth o r  id ie th e r th ey  a r e  
sap ro p h y tes has n o t y e t  been answered#
The i s o l a t e  B 1 gave v e ry  in t e r e s t i n g  r e s u l ts #  I t  
in fe c te d  a lm ost a l l  th e  ro o ts  w ith  which i t  came in to  
co n tac t#  I t  occup ied  a  w e ll d e f in e d  a re a  o f  th e  ro o ts  
j u s t  o u ts id e  th e  endoderm is and th e  in f e c t io n  sp read  
f o r  c o n s id e ra b le  d is ta n c e s  a lo n g  th e  le n g th  o f  th e  
ro o ts#  E nvironm ental co n d itio n s  were a p p a re n tly  
fav o u rab le  f o r  t h i s  fungus# I t  i s  p robab ly  a  para­
s i t i c  fungus s in c e  i t  was i s o la te d  from ro o ts  and i t  was 
a b le  to  produce such s tro n g  in f e c t io n s  u n d er th e  same 
ex p erim en ta l c o n d itio n s  a s  th e  o th e r  fUngi in  idiioh 
in f e c t io n  was v ery  lim ited #
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5b ^ I d e s o e  o f  In fe c t io n  In  th e  F ie ld
Roots o f  J o n o e lfo m e . A# a r e n a r ia  and £# 
a re n a r iu s  were c o l le c te d  in  S ep t« n b er, 1)66 and  May,
1967 and were examined f o r  th e  p resen ce  o f  B a c id io -  
BQToetes a s  d e sc r ib e d  in  th e  s e c t io n  on Method.
In  Septem ber, th e  a c t iv e  growing season  f o r  th e  
g ra sse s  i s  n e a r  i t s  end. N e v e rth e le s s , th e r e  were 
many young ro o ts  on th e  underground stem s. N e ith e r  
th e s e  n o r  th e  young p a r t s  o f  o ld  ro o ts  were in fe c te d  by 
B asid iom ycetes. No a t t e n t io n  was g iven  to  th e  
p resen ce  o f  o th e r  fu n g i idiioh m ight have been p resen t#
The c r i t e r i o n  which was used  in  th e  i d e n t i f i c a t io n  o f  
a  B asidiom yoete was th e  p resen ce  o f  clamp connections#
T his ru le d  out th e  p o s s i b i l i t y  o f  d e te c t in g  hyphae o f  
M alanoleaca gganmopodla -  a  B asidiom yoete w ith o u t clamp 
co n n e c tio n s , and any o th e rs  idiioh f h l l  in  th a t  
category#
A l th o u ^  th e  ro o ts  in  Wiioh hyphae b e a r in g  clam p- 
co n n ec tio n s were seen  were no t in  a s t a t e  o f  obvious 
decom position , th e y  had I s o la te d  brown p a tch es  which, 
however, were no t a s s o c ia te d  w ith  fungi# The f a c t  
th a t  th e  ro o ts  had numerous ro o t h a i r s  Wiioh f re q u e n tly  
ren d ered  exam ination  o f  ta n g e n t ia l  lo n g itu d in a l  
s e c tio n s  d i f f i c u l t , su g g ests  t h a t  th e y  were s t i l l  func­
t io n in g  a s  ab so rb in g  organs#
More th an  o f  th e  m ature ro o ts  which were examined 
had hyphae w ith  o lam p-connections in  th e  co rtex #  They 
were e s p e c ia l ly  abundant in  th e  f i r s t  4cm from th e  crown 
reg io n  and dec reased  in  q u a n t i ty  tow ards th e  m iddle o f  
th e  ro o t and com plete ly  ab sen t from th e  ro o t t i p  region#
At t h i s  tim e  o f  th e  y e a r  a l l  th e  hyphae were narrow  and
105no bulbous ones were observed# The endoderm is and 
s t e l e  were f r e e  from fu n g a l hyphae#
The above d e s c r ip t io n  h o ld s  t r u e  f o r  a l l  th r e e  
g ra sse s  which were examined a l t h o u ^  a l l  a t te m p ts  to  
i s o l a t e  th e  in f e c t in g  B a s id io o y o e te (s )  from th e  ro o ts  
o f  A am oi^ila and Agropyron fh ile d #
In  May 1967,  th e  s i t u a t io n  was s l i ^ t l y  d if fe re n t#  
T his i s  n e a r  th e  b eg in n in g  o f  th e  growing seaso n  and a l l  
m etab o lic  p ro cesses  would be go ing  on a t  a  more ra p id  
r a t e  th a n  in  September#
T able 15 shows th e  number o f  p la n ts  from idiioh ro o ts  
were ta k en  fo r  exam ination , and th e  p e rcen tag e  o f  in fe c ­
t i o n  in  them#
mBIÆ .15 
B rftto tlon  o f  Roots in  May. 1967.
S pecies o f  Grass No# o f  p la n ts  
from id iich  ro o ts  
were examined
% in f e c t io n  by 
Bas idiom ycet es
Agropyron junceifo rm e 12
ilmmophila a re n a r ia 20 60
Elymus a re n a r iu s 15 —
I t  i s  i n t e r e s t i n g  to  n o te  th a t  a t  t h i s  tim e b a s id io -  
nyoetous hyphae were p re se n t in  th e  ro o ts  o f  Ammophila 
only  a l t h o u ^  ro o ts  o f  a l l  th r e e  g ra s se s  were h e a v ily  
in fe c te d  by o th e r  fu n g i which had no olam p-connect ions# 
I t  would be unw ise to  conclude t h a t  b a s id iom ycetes 
were com plete ly  a b se n t from ro o ts  o f  ELvmus and 
Agropyron s in c e  on ly  15 and 12 p la n ts  r e s p e o tiv e ly  
were examined#
1 0 6
T here were two b s  idiom ycet es in f e c t in g  Ammophila 
r o o ts ,  one w ith  b a lb o as  hyphae and th e  o th e r  w ith  
s t r a i ^ t  hyphae ( P la te  14)« Taken a s  a  w hole, 16^ 
o f  th e  ro o t s e c tio n s  produced on ly  bas idiom ycet ous 
hyphae on a ^ r  p l a t e s ,  20go produood basid iom yoete  con­
tam in a ted  by b a c te r ia  o r  some u n id e n t i f ie d  fu n g i, and 
40$^  o f  them produced no growth a t  a l l #
I t  has been re p o r te d  by p rev io u s  in v e s t ig a to r s  th a t  
th e re  i s  se a so n a l rhythm in  th e  occu rrence  o f  fu n g i in  
ro o ts#  K ryuger ( 1961) made o b se rv a tio n s  on th e  
in f e c t io n  o f  fo u r  g ra s se s  by v e s io u la r -a x b u s o u la r  endo- 
phy tes and found t h a t  in  s p r in g  th e  degree o f  in f e c t io n  
was l e s s  th a n  in  summer and i t  a g a in  d e c lin e d  in  autumn# 
He a ls o  found th a t  in  sandy s o i l  th e  m yoorrhiza developed 
d u rin g  flo w erin g  in  th e  second y e a r  o f  th e  l i f e  o f  
p e re n n ia l g rasses#  S easonal rhythm cou ld  account f o r  
th e  absence  o f  bas id io m y ce te (s) in  Agropvron and Slvmns 
ro o ts  in  Hay# They p robab ly  co lo n ized  ro o ts  o f  
A iaaoi^ila much e a r l i e r  th a n  th e  o thors#
Absence o f  hyphae in  th e  endoderm is and v a s c u la r  
t i s s u e  may be due to  th e  h i ^ l y  l i g n i f i e d  w a lls  o f  th e  
endoderm is which a c t s  a s  a  p h y s ic a l  b a r r i e r  t c  in fe c tio n #  
Low oagrgen c o n c e n tra tio n  in  th e  low er le v e ls  o f  th e  
dunes co u ld  account f o r  th e  p resen ce  o f  bas id iom ycet es 
o n ly  n e a r  th e  crown reg io n s  o f  th e  ro o ts#  The ro o ts  
a r e  e x te n s iv e  and p e n e tr a te  to  g re a t  depths# Fungi 
which a r e  s e n s i t iv e  to  low cay gen c o n c e n tra tio n s  m ight, 
th e r e f o r e ,  ohpse s u b s t r a te s  which a r e  in  th e  upper 
le v e ls  o f  th e  so il#
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A lth o n # ! on ly  th r e e  B asld io o y o e tes were iso la te d #  
one from th e  ro o ts  o f  ^iTiaas and two from Anmophila 
ro o ts#  t h i s  does n o t mean th a t  th e s e  were th e  only  th r e e  
idiioh in f e c te d  th e  r o o ts .  f a i l u r e  to  o b ta in  i s o la t io n s  
from Agropyron and Ammophila ro o ts  in  Septem ber su g g ests  
th a t  t h e i r  n u t r i t i o n a l  requ irem en ts a r e  more s p e c i f i c .  
They a r e  p robab ly  s p e c ia l iz e d  ro o t in h a b i t in g  fhng i 
Wiioh w i l l  no t grow re a d i ly  on s y n th e t ic  a g a r  p l a t e s .
S e r i a l  w ashing o f  ro o ts  w ith  s t e r i l i z e d  d i s t i l l e d  
w ater has been u sed  to  s tudy  ( i )  th e  a c t iv e  n y o e lia  on 
l iv in g  ro o ts  and o th e r  su rfh o es  in  th e  s o i l  (H arley  and 
Waid# 1955)# ( i i )  th e  d i s t r ib u t io n  o f  fu n g i w ith in  th e  
deoomposing t i s s u e  o f  zye^grass ro o ts  (Waid# 1937) and 
( i i i )  th e  c o lo n iz a tio n  o f  ro o ts  o f  Pisum sativum  by 
fu n g i (s te n to n #  1 9 )8 ) . These s tu d ie s  produced only 
few s t e r i l e  B asidiom yoetes among th e  i s o l a t e s .  However# 
th e  o ccu rrenoe o f  B asidiom yoetes in  ro o ts  o f  g ra sse s  
i s  n o t an  unusual phenomenon. Iifaroup (1959) i s o la te d  
an  abundant and v a r ie d  p o p u la tio n  from id ieat ro o ts  and 
from th e  s o i l  in  th e  wheat f i e l d .  He was a b le  to  
induce th e s e  to  f r u i t  in  c u l tu r e .  A p in is ( 1965) 
i s o la te d  a  sp e c ie s  o f  therm ophilous Coorinus from d e b r is  
o f  c o a s ta l  g ra sse s  in c lu d in g  A. junoeiform e and  A. 
a r e n a r i a . He a l s o  induced t h i s  fungus to  f r u i t  in  
c u l tu r e .  T h e ir  p resen ce  in  p la n t  d e b r is  and th e  rela«» 
t i v e  ea se  w ith  which th ey  grew and f r u i t e d  on s y n th e t ic  
media su g g est th a t  th e y  were n o t p a r a s i te s  w ith  s p e c if ic  
n u t r i t i o n a l  requirem ents#  b u t mere i s o la t io n  o f  a  fungus 
from dead p la n t  m a te r ia l  i s  n o t enou#i p ro o f  th a t  th e  
fungus i s  a  s o i l  in h a b i t in g  saprophyte# because th e  p la n t  
m a te r ia l  m i ^ t  have been invaded w h ile  th ey  were s t i l l  
a l i v e .
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T herefore#  u n t i l  f h r th e r  ev idence  i s  produced# i t  
oannot be concluded th a t  th e  fu n g i %diich were i s o la te d  
from th e  ro o ts  o f  A. a r e n a r ia  and B#. a r e n a r lu s  l iv in g  
in  T entsm uir a r e  s o i l  saprophytes#
1095o The E f fe c t  o f  Root E x tra c t A aar on th e  Growth o f  th e
JËslâisa*
The purpose o f  t h i s  experim ent was to  determ ine 
w hether o r  no t th e  ro o ts  co n ta in ed  any h e a t - r e x is ta n t  
w ate r s o lu b le  su b s ta n o e (s )  which m i ^ t  a f f e c t  th e  growth 
o f  th e  fungi#  An e x t r a c t  was made from th e  r o o t s , 
s o l i d i f i e d  w ith  a g a r  and in o c u la te d  w ith  th e  fU ngi.
Method
Roots o f  AjLâSSBâSiâf A. Jupoelfonne and B. a re n a r la a  
were c o l le c te d  in  T entsm uir on August 22# 1967.  The 
sand was removed by w ashing and th e  ro o ts  were a i r d r ie d  
and cu t in  p ie c e s  whioh were abou t lObsn long# Ten grams 
o f  each sp e c ie s  were homogenised in  a  b le n d e r  w ith  100ml 
d i s t i l l e d  w t e r  f o r  f iv e  m inutes and f i l t e r e d  t h r c u ^  a  
b i t  o f  gauze# The re s id u e  was a g a in  b lended  w ith  50ml 
d i s t i l l e d  w ate r f o r  two m inutes and f i l t e r e d #  Both 
f i l t r a t e s  were mixed and p assed  t h r o u ^  Whatman f i l t e r  
p ap e r No# 542 in  a  buchnor lUnnel#
W ith in  tw elve hou rs th e  f i l t r a t e s  were in c o rp o ra te d  
in  a  b a s a l  medium (s e e  th e  s e c t io n  on v ita m in s )  in  th e  
fo llo w in g  p ro p o rtio n s  I—
(a )  1000ml b a s a l  medium + 18 gxams d ifo o  a g a r  « c o n tro l
(b ) 900ml " " + 100ml Agropyron e x t r a c t  + I 8
grams a g a r
(o ) 900ml b a s a l  medium + 100ml Ammophila e x t r a c t  + 18
gTEtms a ^ r
(d ) 900ml b a s a l medium + lOCml Slymus e x t r a c t  + 18 
grams a ^ r
The media were a u to c la v e d  a t  15 lbs#  p re s s u re  f o r  
f i f t e e n  m inutes and were poured in  p re v io u s ly  s t e r i l i z e d  
p e t r i  p la te s #
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The fungi lAiioh v-ero used in  t h is  experiment were 
c .  A inaneie. Melanoleuoa gTMaappodia. P eath yrella  
wanonhila. enrnoehlla. &JL, PolyPOrUB h e tn ltm s
and Panaeolns sen i-ovatn s#  They had been growing on 
2^ malt ex tra ct agar fo r  2—3 weeks# The experiment 
was s e t  up in  t r ip l ic a t e  and incubated a t 23*G fo r  four 
weeks.
Methods o f  A ssess in g  Growth
Growth was reco rd ed  in  two wayst—
(a )  By meaEmring th e  d iam eters  (T ab le  l6 a )
(b ) By o b ta in in g  th e  dzy w e i ^ t s  (T ab le  l6 b )
The methods u se d  in  a s s e s s in g  growth were s im ila r  to  
th o se  which M adelin (1 )5 6 ) u sed  in  h i s  s tu d ie s  on th e  
n u t r i t i o n  o f  Coprim is lagopus# He found t h a t  **tre a tm en t 
i s  l i a b l e  to  lo s s  o f  w e i ^ t  by th e  escape o f  so lu b le  
m a te r ia ls  th ro u # i c e l l  membranes made perm eable by 
k i l l in g #  b u t t h i s  lo s s  and# th e re fo re #  th e  w e i ^ t  
o b ta in ed  was assumed to  be eq u iv a le n t to  th e  t r u e  w eight 
o f  th e  mycelium# The m agnitude in  lo s s  caused  by t h i s  
tre a tm e n t was in v e s t ig a te d  by com paring th e  dzy w eights 
o f  23 d e s iocatozM ^ried# 13 clays o ld  m ycelia from l iq u id  
c u l tu re s  b e fo re  and a f t e r  h e a tin g  in  tu b e s  o f  w ater in  a  
steam er a t  lOO^G f o r  t h i r t y  m inutes# The lo s s  a f t e r  
tre a tm e n t was 21#3 ± 0#88^ o f  th e  i n i t i a l  dzy w ei# it"  #
This lo s s  in  w e i ^ t  a p p l ie s  to  th e  r e s u l t  o f  t h i s  
experim ent s in c e  th e  same methods were used#
aaaaiLte
T able 16 ( a )  and (b )  shows th e  average  d iam eters  
and dzy w e i ^ t s  o f  th e  fungal c o lo n ie s  a f t e r  fo u r  weeks 
o f  incubation#  The dzy w eights were c a lc u la te d  a s  a
I l l
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p e rce n tag e  o f  th e  o o n tro ls  and th e  r e s u l t a n t  f ig u re s  
a re  ex p ressed  in  th e  form o f  h isto g ram s shown in  P la te s
65- 72.
The average  d iam eters  show th a t  C. dun en sis  grew 
e q u a lly  w e ll on a l l  th e  media in c lu d in g  th e  c o n tro l .
M. gpammopodia showed b e t t e r  growth on th e  e x t r a c ts  th a n  
on th e  c o n tro l  w ith  most s t im u la t io n  from Agronvron and 
Blvmus. P s a th y re l la  and P ez iza  were a ls o  s tim u la te d  to  
grow b e t t e r  on a l l  th r e e  e x t r a c ts  b u t p a r t i c u l a r ly  so on 
Agropyron. E 1 and A 1 whioh on m alt e x t r a c t  a g a r  a r e  
v ery  slow  grow ers, grew v e iy  q u ic k ly  on a l l  media 
in c lu d in g  th e  c o n t ro l .  Panaeolus showed o n ly  s l i ^ t  
s t im u la t io n .  Polyporus was a l s o  vezy s l i ^ t l y  stim u­
la te d  on Elymus and Agropyron.
Prom th e s e  r e s u l t s  i t  ap p ears  th a t  a l l  th e  ro o ts  
caused  some s tim u la tio n s  Elymus b e in g  th e  l e a s t  
e f f e c t iv e .
However, th e  r e s u l t s  o b ta in ed  from th e  d ry  w e i ^ t s  
a r e  q u i te  d i f f e r e n t .  C. dunensis  shows a  marked 
s t im u la t io n  idien grown on a l l  th e  ro o t e x t r a c ts  p a r t i ­
c u la r ly  on th e  e x t r a c ts  from Agropyron and Elymus.  
M elanoleuoa showed a  th r e e fo ld  s t im u la t io n  when grown on 
e x t r a c t  from Ammophila. 2-& fo ld  on Elymus and  1^ fo ld  
on Agropyron.  P s a th y re l la  was s tim u la te d  by a l l  th r e e  
ro o t e x t r a c t s .  I t s  w e i ^ t  on Agropyron was 7 tim es, and 
th a t  on Elymus 6^ tim es  th e  w e i ^ t  o f  th e  co n tro l#  In  
P e z iz a . a l l  th e  d iy  w e i ^ t s  were v e ry  low excep t f o r  
th a t  on Agropyron e x t r a c t .  B earin g  in  mind th a t  t h i s  
fungus i s  r a th e r  e r r a t i c  in  i t s  growth p a t te r n ,  (se e  th e  
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would be unw ise to  jump to  th e  co n c lu sio n  th a t  Agropyron 
s tim u la te d  i t s  growth by 16 fo ld  whereas Elymus 
in h ib i te d  i t .
The ro o t e x t r a c ts  had a  s t im u la t in g  e f f e c t  on th e  
growth o f  E 1. The r e s u l t s ,  how ever, show t h a t  th e  
le a s t  s t im u la tio n  was o b ta in ed  from Elymus e x t r a c t ,  th e  
ro o t from idiioh t h i s  fungus was i s o la te d  and th a t  th e  
g r e a te s t  s t im u la t io n  was o b ta in ed  on th e  e x t r a c t  from 
Agropyron.  The e x t r a c t  which caused  g r e a te s t  s tim u la^  
t io n  o f  A 1 was t h a t  o f  Ammophila. This i s  i n t e r e s t i n g  
s in c e  t h i s  fUngus was is o la te d  from th e  ro o ts  o f  
A g g g ^ jjja . The s t im u la tio n  o b ta in e d  by A 1 from th e  
o th e r  two e x tra c ts  was v e ry  s im i la r .
The r e s u l t s  o f  th e  two t e s t  fu n g i, Panaeolus and 
Polyporus show some amount o f  s t im u la t io n  e s p e c ia l ly  in  
th e  ca se  o f  Panaeolus and excep t in  th e  ca se  o f  Polyporus 
on Ammophila e x t r a c t .
D iscu ssio n
Many in v e s t i n t e r s  have shown th a t  e x t r a c ts  from 
p la n t  t i s s u e s  have s tim u la to ry  e f f e c t s  on th e  growth o f  
fh n g i in  c u l tu r e .  Smart (1937) found th a t  e x t r a c ts  
from p e a , b u t t e r  b ean , f h l le n  oak le a v e s , f h l le n  p in e  
n e e d le s , c o m , r o t te n  p in e  wood, hay in fu s io n , hemp 
f ib r e s  e t c .  s t im u la te d  th e  germ in a tio n  o f  sp o re s  o f  
Myxomycètes. Osborne and Thrower ( 1964) re p o r te d  th a t  
m ethano lic  and aqueous ex t m o ts  o f  wood o f  E ucalyp tus 
m arg ina ta  and E.  ^j j i v e r s ic o lo r  s t im u la te d  th e  growth o f
The r e s u l t s  o b ta in ed  in  th e  p re se n t in v e s t ig a t io n  
show t h a t ,  i f  th e  g r e a te s t  s t im u la tio n  f o r  each fungus 
i s  tak en  in to  ac c o u n t, th en  Agropyron e x t r a c t  s tim u la te d
114th e  growth o f  Conooyhe. P e z iz a . P s a th y re l la  and 
Ammophila e x t r a c t  produced s t im u la t io n  in  M elanoleuca.
A 1 and Panaeolus whereas Elymus e x t r a c t  s tim u la te d  
P o lypo rus.  In h ib ito ry  e f f e c t s  were observed  only  
tw ice* Elymus in h ib i te d  th e  growth o f  P e a ia a . and 
Ammophila had an  in h ib i to r y  e f f e c t  on P o lypo rus.
S ince  P o ly p o ru s. a  w o o d -ro ttin g  fungus, and 
Panaeolus a  co p roph ilous fbngus, were bo th  s tim u la te d  
by th e  ro o t e x t r a c ts  o f  th e  sand-dune g ra s s e s ,  th en  i t  
i s  c l e a r ly  dem onstrated  th a t  th e  s t im u la t io n  i s  a  v ery  
g e n e ra liz e d  one and n o t s p e c i f ic  to  th e  fu n g i confined  
to  th e  sand-dunes. This i s  n o t an  unusual phenomenon 
s in c e  M elin (1954) found th a t  th e  ro o ts  o f  many p la n ts  
o th e r  th a n  p o te n t ia l  h o s ts  produced exudates which 
s tim u la te d  m yco rrh iza l fu n g i. J n  th e  same y e a r ,  M elin 
and Das (1934) o ssd  B o le tu s s l e m n s . B. .v a r le m tu s .  
Buasula zeramn*iim& and Hhlzopoflon ro aeo lu s  a s  t e s t  
fu n g i and found th a t  th ey  were s tim u la te d  by exudates 
o f  ro o ts  o f  s e v e ra l  herbaceous angiosperm e. A lth o u ^  
th e  c u r re n t  experim ent i s  no t d e a lin g  w ith  ro o t ex u d a tes , 
th e  analogy  i s  s t i l l  th e r e .
The s tim u la n t which was p re s e n t in  th e  ro o t 
e x t r a c ts  i s  bo th  w a te r so lu b le  and h e a t r e s i s t a n t  and 
p robab ly  th e  co n d itio n s  un d er which th e  experim ent was 
c a r r ie d  ou t were d i r e c t l y  re sp o n s ib le  f o r  th e  tr e n d  th a t  
th e  r e s u l t s  have ta k e n , because a lth o u g h  th e  r e s u l t s  
suggest t h a t  th e  h i ^ e r  fung i shou ld  be a s s o c ia te d  w ith  
A. A inceiform e more th a n  w ith  E. a r e n a r iu s . t h i s  i s  not 
th e  ca se  on th e  sand -dune in  T entsm uir.
1 1 55d P rod iio tton  o f  Root E«.^dateB and t h e i r  e f f e c t s  on th e  
G g a r t h  _ a f  _ t t i d  f e o l a l w .
T his experim ent was conducted w ith  a  view  to  a s c e r ­
ta in in g  w hether th e  g ra sse s  exuded any su b s tan ce  th rough  
t h e i r  ro o ts  which m i# it have b e n e f ic ia l  o r  d e le te r io u s  
e f f e c t s  on th e  growth o f  th e  fU ngi. No a tte m p t was made 
to  a n a ly se  th e  l iq u id  to  f in d  ou t what su b s ta n c e s , i f  
an y , were exuded.
Meth<^
The method employed h e re  was a  m o d if ic a tio n  o f  th a t  
used  by Suloohana (1962a and b ) in  h e r  in v e s t ig a t io n  o f  
amino a c id s  and v ita m in s  in  ro o t exudates o f  c o tto n .
The s e e d lin g s  were grown a s  shown in  Method, 2(b)
( v ) .  When th ey  had g ro m  to  an  av erag e  h e ig h t o f  5om 
above th e  sand s u r fa c e  th ey  were removed and t r a n s f e r r e d  
to  la â m l Brlenm eyer f la s k s  which co n ta in ed  30ml d i s t i l l e d  
w ate r and 3 grams sand  and had been p re v io u s ly  s t e r i ­
l i z e d  by a u to c la v in g  f o r  t h i r t y  m inutes a t  20 lb s .  
p re s su re  p e r  square  in c h .
G reat c a re  was e x e rc ise d  in  s^emoving th e  se e d lin g s  
from th e  sand to  p rev e n t th e  d e l i c a te  ro o ts  from b reak in g . 
A f te r  rem oval, th e  ro o ts  were washed in  s t e r i l i z e d  
d i s t i l l e d  w ater and th r e e  o r  fo u r  se e d lin g s  were pu t in  
each f l a s k  so  th a t  th e  ro o t system s were submerged bu t 
no t th e  stem s (P la te  73)* Each f la s k  was th e n  wrapped 
in  alum inium  f o i l  to  d isco u rag e  a l g a l  growth and was 
pu t in  a  g la s s  house a t  a  te m p era tu re  o f  abou t 60^ F.
A t o t a l  o f  24 f la s k s  p e r  p la n t sp e c ie s  was s e t  u p .
A f te r  th re e  weeks, 12 f la s k s  p e r  sp e c ie s  were 
removed; th e  o th e r  12 rem ained f o r  s ix  weeks. At th e  
end o f  th e s e  p e r io d s , th e  rem ain ing  l iq u id  was poured 
o f f  in to  s t e r i l i z e d  m easuring c y l in d e r s ,  one f o r  each
PLATS 73
Three-week—o ld  p la n ts  o f  A. .junoeiform e 
in  sand—w ater cu ltu re *
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sp e c ie s  o f  gm ss» The se e d lin g s  were t r a n s f e r r e d  to  
f le s h ly  p rep ared  f la s k s  and a llo w ed  to  grow f o r  a  
f a r th e r  n in e  and s ix  weeks r e s p e c t iv e ly ,  by th e  end o f  
which tim e th e  p la n ts  were tw elve weeks o ld ,  and th e  
l iq u id  was a g i  in  used»
A fte r  th o r o u ^  m ixing, th e  l iq u id  was d ispensed  in  
15ml q u a n t i t ie s  in  p re v io u s ly  s t e r i l i z e d  100ml Erlenm eyer 
f la s k s  and to  each was a ls o  added 10ml o f  th e  l iq u id  
which was used  a s  a  co n tro l»  F or th e  c o n t r o l ,  30ml 
d i s t i l l e d  w ate r and 3 grams sand were pu t in  a  f la s k ,  
s t e r i l i z e d  a s  th e  o th e rs  and k ep t u nder s im i la r  condi­
tio n s»  T w enty -five ml o f  th e  su p e rn a tan t l iq u id  were 
poured in  s t e r i l i z e d  100ml f la sk s»
A ll  th e  f la s k s  were th en  in o c u la te d  w ith  $ x  5 % 
0 . 2mm in o c u la n ts  which were tak en  from c u l tu re s  o f  
C .  P a a t h y r « l U  a m n o t i h i l a .  M .  g m i a m o n a . H a .
PQlyponis b a tn lim iB . Paaaeolus gwni-ovatiLe. E J ,  and 
These fu n g i had been a c t iv e ly  growing on m alt e x tra c t  
agar» The in o c u la te d  f la s k s  were th en  in cu b a ted  a t  
23*0 f o r  e i ^ t  weeks a f t e r  which tim e th ey  were oven 
d r ie d  a t  50*0 to  c o n s ta n t w e i# it and t h e i r  d ry  w e i^ t s  
determ ined  (T able 1?)#
Growth o f  th e  fu n g i under a l l  co n d itio n s  was vexy 
poor» T his i s  obvious when T able 17 i s  examined» In  
some cases  th e re  was no v i s i b le  mycelium and so th e  b u lk  
o f  th e  w e i ^ t s  was due to  th e  a g a r  o f  th e  in o cu la  and 
no t to  th e  mycelium» A lth o u ^  equal s iz e d  in o cu la  were 
u sed , th e y  were ta k en  from d i f f e r e n t  c u l tu re s  a t  th e  
th re e  d i f f e r e n t  tim es i . e .  a t  t h r e e ,  s ix  and tw elve 
weeks» C onsequently , growth cannot j u s t i f i a b l y  be
' X
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oompared a t  th e  d i f f e r e n t  g ra ss  ag es s in c e  th e  th lo b -
ness o f  th e  a ^ r  In o cu la  would g r e a t ly  a f f e c t  th e
w e l ^ t .  Comparison, however, can be made w ith  th e
I n te r a c t io n  o f  each o f  th e  th r e e  g ra sse s  o f  s im ila r  ages
on each o f  th e  fhngl#
From th e  d iy  w e l# i ts  I t  co u ld  be seen  th a t  growth o f
th e  Am gi was d i f f e r e n t  w ith  th e  th r e e  g ra s se s  and so
s t a t i s t i c a l  an a ly se s  were c a r r ie d  o u t.  The d es ig n  u sed
was a  s p l i t  p lo t  d e s ig n  In  which th e  n in e  main p lo ts2c o n s is te d  o f  a  s in g le  r e p l ic a te  o f  a  3 f r a c t io n a l  
d es ig n  w ith  g ra sse s  and ages a s  th e  two fh o to rs#  Each 
main p lo t  was th e n  su b d iv ided  In to  fo u r  su b p lo ts  co»» 
s l s t i n g  o f  a  double r e p l i c a te  f o r  seven lU ngl. From a  
s t a t i s t i c a l  p o in t o f  view  th e  d e s ig n  o f  th e  e iperim en t 
was u n s a t  I f  fh c to ry  s in c e  no e r r o r  was a v a i la b le  f o r  
t e s t i n g  th e  main p lo t  a n a ly s is .  However, th e  fo llo w in g  
In fo rm atio n  was obtalned««*
(1 ) Ho obvious p a t te r n  a ro s e  w ith  re sp e c t t o  th e  age o f  
th e  g ra s s e s .
( 2 ) H ost o f  th e  d if fe re n c e s  were h l ^ l y  s ig n i f ic a n t  
a t  th e  1 $  le v e l  o f  s ig n if ic a n c e  and v e ry  l i t t l e  
was found th a t  was I n s ig n i f i c a n t .
( 3) means f o r  A. a r e n a r te  and  E . a r e n a r in s  were
In  o lo se  p ro x im ity  and were s ig n i f i c a n t ly  h l ^ e r  
th a n  th e  means o f  A. .iunoelform e.
( 4 ) S in ce  A. a r e n a r la  and E. a r e n a r lu s  seemed to  be so  
s im i la r ,  an  an a ly s is  was done to  see  how th ey  
r e a c te d  to  th e  d i f f e r e n t  fu n g i. The r e s u l t s  were 
s t i l l  h l ^ l y  s ig n i f i c a n t ,  t h a t  I s ,  th e  g ra sse s  
r e a c te d  d i f f e r e n t ly  w ith  th e  d i f f e r e n t  fu n g i.
119(3 ) From th e  r e s u l t s  o f  ( 4 ) above , i t  was found th a t  
th e  d if fe re n c e  between a rm m ria  and  Ea a r e c a r lu s  
was m ainly due to  t h e i r  I n te r a c t io n  w ith  C. dunensis 
and  P . se m i-cv a tu s . These two fu n g i had th e  
h ig h e s t  means a lm ost a l l  th e  tim e#
(6 ) A t - t e s t  showed th a t  th e  in te r a c t io n  o f  G. dunensis 
and  P . segil-ovatuB w ith  th e  two g ra s se s  was s l g a l -  
f l c a n t ly  d i f f e r e n t .
P isQ usslon
From th e  r e s u l t s  o f  t h i s  experim en t. I t  seems l ik e ly  
th a t  th e  sand-dune g ra s se s  produce su b stan ces  %dilch 
s t im u la te  th e  A m gi d i f f e r e n t ly .  The c o n c e n tra tio n  o f  
th e  s t im u la n ts  was undoubtedly  vexy sm a ll . T his could  
be  due to  th e  age o f  th e  p la n ts  a n d /o r  th e  co n d itio n s  o f  
th e  experim ent. A p p aren tly , th e  s tim u la n t was no t 
s p e c i f ic  In  i t s  e f f e c t ,  a s  th e  two t e s t  fu n g i d id  no t 
produce d i f f e r e n t  growth p a t te r n s  from th e  o b l l ^ t e  
sand-dune ones.
An obvious d e f ic ie n c y  o f  t h i s  experim ent I s  th e  
c o n d itio n s  under which th e  s e e d lin g s  were grown. The 
c o n d itio n s  were u n n a tu ra l  In  many r e s p e c ts ,  f o r  example, 
th e  ro o t system s were submerged and  th e  medium was 
s t e r i l e .  To o b ta in  ro o t ex u d a te s . I t  I s  necessaxy to  
m ain ta in  normal p la n t  growth ur.der a s e p t ic  c o n d itio n s . 
O therw ise , I t  would be im p o ssib le  to  determ ine th e  
so u rce  o f  th e  s t im u la n t .  The p la n ts  would probab ly  
behave d i f f e r e n t ly  I f  th e y  were gro%m In  s t e r i l e  sand , 
b u t I t  would be d i f f i c u l t  to  s e p a ra te  th e  exudate from 
th e  sand  e s p e c ia l ly  I f  th e  (p la n tI ty  was v e ry  sm a ll.
Under th e s e  u n n a tu ra l c o n d it io n s , ro o t e x c re tio n s  which
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a r e  due to  damaged ro o ts  o r  sX o u ^ ln g  o f f  o f  c e l l s  
would be a t  a  minimum and any s t im u la tio n  would be due 
to  t r u e  ex u d a tio n s .
The u se  o f  d i s t i l l e d  w ate r In  t h i s  experim ent and n o t 
n u t r ie n t  s o lu t io n  p robab ly  e x p la in s  th e  low s t im u la t io n . 
A fte r  th e  I n i t i a l  p e r io d  o f  growth in  which th e  n u t r ie n t s  
p re se n t In  th e  medium were u sed  u p , th e  supp ly  o f  
n u t r ie n ts  In  one fo m  o r  a n o th e r  p robab ly  became l im i t in g  
and c o n tro l le d  th e  amount o f  ex u d a tio n  which took  p la c e . 
But I t  was thougiit t h a t  any a d d i t io n  would r e s u l t  In  
co n c e n tra tio n s  o f  c e r t a in  m in era l elem ents h ig h  e n o u ^  
to  be u n fav o u rab le  to  p la n t grow th . Sulochana (lg62 ) 
grew c o tto n  p la n ts  u n d er s im ila r  c o n d itio n s  and found 
th a t  th e y  exuded amino a c id s  and B -v ltam ln s . In th e  
p re se n t experim ent, I t  was t h o u ^ t  th a t  I f  th e y  were 
ro o t In h a b it in g  o r  rh lso sp h e re  fu n g i, th e  ro o ts  would 
p ro v id e  them w ith  th e  su b stan ces  necessaxy f o r  growth 
and so no f u r th e r  a d d i t io n s  would be needed. But th e  
ih c t  t h a t  th e  d ry  w e l ^ t s  o f  th e  fu n g i on th e  c o n tro l 
medium were so  much h l ^ e r  th a n  th o se  on th e  o th e r  
s o lu t io n s  su g g ests  t h a t  th e  p la n ts  had removed c e r ta in  
elem ents which were e s s e n t i a l  f o r  optimum growth o f  th e  
fu n g i.
K atzn e lso n , R ouatt and Payne (1954, 1955) found 
th a t  when p la n ts  In  sandy s o i l s  were d r ie d  and r e -  
m oistened , a p p re c ia b le  amounts o f  amino a c id s  and 
red u c in g  compounds were l ib e r a te d .  T his su g g e s tio n  
Im plies th a t  th e  c o n d itio n s  o f  th e  p re se n t experim ent 
were n o t oonduclve to  ro o t ex u d a tio n . However, I t  I s  
no t u n l ik e ly  th a t  In  th e  sand -dune where th e r e  Is  
fre q u en t d ry in g  and rem o ls ten ln g  t h i s  phenomenon a ls o  
occurs and p ro v id es th e  fung i w ith  food su p p ly .
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Roots a r e  cap ab le  o f  exuding  n itro g en o u s compounds 
e s p e c ia l ly  amino a c id s  (K a tsn e lso n  e t  a l ,  1954# 1955? 
P earson and P ark in so n , 1 )61; S ulochana, 1962a |  V anw ra 
and H ovadik, I 963) .  V itam ins and e th e r  growth stim u­
l a t i n g  su b stan ces  a r e  a l s o  Im portan t c o n s t i tu e n ts  o f  
ro o t exudates (H ansteenf-Cranner, 19221 West, 19391 
lundegardh and S te n l id ,  1944) M elin , 1954) H elin  and 
Rama D as, 1954) R o v lra , 1956b# R ovtra and H a rr is ,  196I  
and S u lochana, 1962)# Umdegardh and S te n l id  (1944), 
R ovlra (1956a) and Vanoura ( 1964) a r e  among th e  many 
workers who found t h a t  oarbo^&hydrates, e s p e c ia l ly  
red u c in g  su b s ta n c e s , a r e  exuded from ro o ts#
De É llv a  and Wood ( I 964) have shown th a t  a p p re c ia b le  
s t im u la tio n  was o b ta in e d  only  when th e  exudates o f  
cabbage and le t tu c e  were c o l le c te d  In  th e  f i r s t  seven 
days# H ansteen -C ranner ( 1922) ,  West (1 9 3 9 ), Rovlra 
( 1956a ) ,  P earson  and P ark inson  ( I 961) and Vanoura ( 1964) 
seem to  a g re e  w ith  t h e i r  fin d in g #
R ovlra ( 1956a )  re p o r te d  t h a t  f o r  th e  f i r s t  th re e  
weeks o f  growth o f  peas and c a te  exudation  formed th e  
b u lk  o f  th e  m a te r ia l  coming from th e  ro o ts  and  th a t  on ly  
a  s l i g h t  amount was due to  a u to ly s l s  b u t th a t  a s  th e  
p la n ts  developed , t r u e  ro o t ex uda tions became le s s  
Im portan t and e x c re tio n s  due t o  a u to ly s ls  became 
In c re a s in g ly  Im portant#
In  th e  sand -dune, p ro p ag a tio n  I s  no t u s u a lly  by 
seeds p roducing  s e e d lin g s  and so  ro o t ex uda tion  may no t 
be a s  Im portan t to  th e  growth o f  th e  f t m g i  a s  ex c re tio n  
r e s u l t in g  from a u to ly s l s  and th e  s l o u r i n g  o f f  o f  c e l ls #  
Root ex u d a tio n  and ro o t e x c re tio n  a r e  n a tu ra l  p ro cesses  
In  p la n ts  and m icro-organism s a r e  dependent on them f o r  
t h e i r  n ltrogm ious and carbonaceous su b stan ces a s  w ell
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ae  th e  growth e t in a la t ix ig  substanoee# In  th e  san d - 
done id iere  th e  g ra sse s  a r e  in  t h e i r  n a tu r a l  environm ent 
th ey  a r e  no doubt exuding n u t r ie n t s  idiloh c o n tr ib u te  to  
th e  optimum growth o f  th e  Ib n g i in  t h e i r  v ic in i ty #
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S E C T I O N  6
6a g en e ra l DlsoMBlQa and ConoloBion
The ex ac t e c o lo g ic a l  n ich e  which th e  h i ^ e r  san d - 
dune fu n g i occupy cannot d e f in i t e ly  be determ ined  from 
th e  ex p erim en ta l d a ta  which a r e  a v a i la b le  a t  p resen t#  
There i s  evidence a g a in s t  t h e i r  b e in g  e i t h e r  s o i l  
In h a b it in g  fu n g i o r  o b lig a te  p a r a s i t e s  and ev idence f o r  
and a g a in s t  t h e i r  b e in g  sa p ro p h y tic  fu n g l o r  ro o t 
In h a b it in g  fUngl which c o n s is ts  o f  m yoorrhlaas and 
p a ra s i te s #
They have been r e l a t iv e l y  e a s i ly  I s o la te d  on syn­
th e t i c  m edia, a  c h a r a c te r i s t i c  which Im plies th a t  th e y  
could  n o t be o b lig a te  p a r a s i te s  In  th e  s t r i c t  n u t r i ­
t io n a l  sense# T h e ir  growth In  c u l tu re  was on th e  whole 
v ery  slow  and th e y  were v ery  e a s i ly  overgrown by known 
s o i l  In h a b it in g  lU ngl e#g. sp e c ie s  o f  P é n ic illiu m  and 
A s p e rg il lu s . F urtherm ore, th e r e  I s  ev idence to  show 
th a t  th e y  do n o t p o sse ss  th e  o th e r  c h a r a c te r i s t i c s  o f  
s o i l  In h a b it in g  fUngl l#e# ( l )  f r e e ly  growing th ro u # i 
u n s te r l l l z e d  s o i l ,  ( l l )  b e in g  a b le  to  c o lo n iz e  only  dead 
p la n t  m a te r ia l  and ( i l l )  d i s t r ib u t io n  In  th e  s o i l  b e in g  
g en e ra l (G a r r e t t ,  1956)#
A ndersson (1950) and W allace (1954) surm ised  th a t  
th e  l a r g e r  sand-dune fu n g i m l ^ t  form n y o o rrh lz a l 
p a r tn e rs h ip  w ith  th e  l iv in g  ro o ts  o f  th e  g rasses#  So 
fU r, th e r e  I s  no ev idence co n firm in g  t h i s .  N lcolson 
( I 959t i 960) l i s t e d  th e  fUngi which he observed  In  th e  
ro o ts  o f  th e  scund-dune g ra sse s  a s  v e s lo u la r ^ r b u s o u la r  
endophytes, R h lzo c to n ia  ty p e  hyphae, brown s e p ta te  hyphae 
and C h v trld jaceo u s  fu n g i, bu t he made no m ention o f  any 
B asldlom ycete b e in g  th e r e  a s  w ell#  Whether th e y  a re
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p re se n t in  th o se  p la n ts  in  T entsm uir and n o t in  th o se  
a t  G ib ra l ta r  P o in t i s  n o t known#
Three a p p a re n tly  d i f f e r e n t  u n id e n t i f ie d  B a s ld lo -  
o y ce tes  (E 1 , A 1 and A 2) have been i s o la te d  from 
ro o ts  o f  A. a r e n a r la  and E# a re n a r lu s  d u r in g  th e  course  
o f  th e  p re se n t I n v e s t ig a t io n ,  and  m lorosooplc observa­
t io n  re v e a ls  t h e i r  r e l a t iv e l y  common oocurrenoe in  
m ature ro o ts#  T h e ir  p resence  In  m ature t i s s u e s  does 
no t n e c e s s a r i ly  make them sap ro p h y tes  a s  th e  ro o ts  could  
have been  In fe c te d  w h ile  s t i l l  a l iv e #  The c u l tu r a l  and 
p h y s lo lo ^ c a l  c h a r a c te r i s t i c s  o f  th e s e  I s o la t e s  do not 
resem ble th o se  o f  th e  la rg e  fu n g i whose f r u i t  bodies 
appear an n u a lly  In  th e  a r e a ,  b u t th e  bulbous n a tu re  o f  
th e  hyphae o f  S _ l ,  C- rh m e m a ia  and M. «-ramnwmAdia 
m l ^ t  be s ig n i f ic a n t#
The r a t i o  o f  th e  amount o f  n itro g e n  and phosphozus 
a v a i la b le  to  th e  p la n t  to  th e  amount o f  so lu b le  carbo­
h y d ra te  m a te r ia l  In  th e  ro o t has been shown to  re g u la te  
th e  amount o f  m y co rrh lza l ro o ts  formed, (Bjbrkman, 19491 
Handley and Sg^dnders, 1)62 # R ichards and W ilson, 1963$ 
R ich ard s, 196$)# H l ^  ca rb o h y d ra te  c o n c e n tra tio n  and 
low n itro g e n  and phosphorus encourage th e  p ro d u c tio n  o f  
m ycorrh lza l a s so c ia tio n #  R& llure o f  th e  fu n g i to  form 
m ycorrhlza In  c u l tu r e  cou ld  be due to  an  un fav o u rab le  
p ro p o rtio n  o f  th e s e  elem ents# I t  was a l s o  shown th a t  
m yco rrh lza l ro o ts  o f  beech were a b le  to  ab so rb  la rg e  
amounts o f  phosphorus and a c t iv e ly  t r a n s p o r t  I t  In to  
th e  ro o ts  (E a rley  and McCready, 1932$ E a rley  and 
B r le r le y ,  1954, 1955)# Gerdemann ( 1964) found ex p e ri­
m en ta lly  th a t  th e  fu n c tio n  o f  m ycorrhlza was to  make 
phosphorus a v a i la b le .  In c rea se  I t s  a b s o rp tio n  o r  a s s i s t
125th e  h o s t  In  i t s  m etabolism * T e m e tz , Daggar and 
Davis (H arley , 1959) have o b ta in ed  evidence o f  a  slow 
b a t h ig h ly  e f f i c i e n t  f ix a t io n  o f  a tm ospherlo  n itro g e n  
by Phcma r a d ic le .  Haseouna and W arelng (1965) have 
In fe r r e d  th a t  zh lzo sp h ere  b a c te r ia  a r e  p la y in g  an  
Im portan t r o le  In  n itro g e n  f ix a t io n  In  th e  ro o ts  o f  
A. a r e n a r la  In  sand -dunes. Ind eed , fhng l form ing 
m ycorrh lza l r e la t io n s h ip s  which a r e  a b le  to  a s s i s t  In  
th e  a v a i l a b i l i t y  o f  phosphorus and n itro g e n  would be 
in v a lu a b le  to  p la n ts  W ilch l iv e  u n d er c o n d itio n s  o f  v e ry  
low supp ly  o f  th e s e  elem ents#
I t  I s  a l s o  a  w e ll e s ta b l is h e d  (h o t t h a t  fu n g i o b ta in  
t h e i r  so lu b le  ca rb o h y d ra te s , v ita m in s  and o th e r  growth 
ih c to r s  from th e  h ig h e r  p la n ts  w ith  which th e y  form 
n y co rrh lza e  (H e lln , 1946$ Bjhrkman, 1949) Handley and 
Saylnders, 1962)# The su g g e s tio n  was made th a t  th ey  f h l l  
to  produce sporophores in  th e  absence  o f  t h e i r  h o s t 
because o f  t h e i r  I n a b i l i t y  to  s y n th e s iz e  th e s e  su b stan ces
(N e lia , 1946| Rom ell, 1938, 1939).
I t  was ezpezdm entally  shown th a t  a l l  th e  sand-dnne 
füng i u n d e r in v e s t ig a t io n  grew b e t t e r  when th iam ine  was 
added to  a  medium c o n ta in in g  g lu co se  and m in e ra l s a l t s ,  
and t h a t  W. ««nmaonAt» and P a« t«a ainmonhlla a ls o  grew 
b e t t e r  when b lo t  In  was added to  th e  medium. P y rld o x ln e , 
a s  w e ll a s  th ia m in e , s tim u la te d  th e  growth o f  C. d u n en sis  
and A l à A ll th e  fu n g i grew p o o rly  on th e  b a s a l  medium, 
th e r e fo r e ,  th ey  a r e  p robab ly  a b le  to  sy n th e s iz e  a  c e r t a in  
amount o f  th e s e  v ita m in s  b u t n o t e n o u ^  to  su p p o rt 
optimum grow th. The g ra sse s  oou ld  conceivab ly  supply  
them w ith  adequate  amounts perhaps th ro u # i ex u d a tio n .
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Bjbzkmaa (1949) c i t e d  T h e e le f f  and R onell a s  b e in g  
two o f  th e  many o b se rv e rs  Wio found th a t  sporophores o f  
n y co rrh lza l-fo z in in g  fu n g i o ccu rred  in  a s s o c ia t io n  w ith  
f u l l  grown t r e e s  and n o t in  th e  v i c in i t y  o f  seed lings#  
Rayner (192?) rem arked th a t  a  c e r t a in  I n te r n a l  physio­
lo g ic a l  c o n d itio n  must be reached  by th e  s e e d lin g  b e fo re  
n y o o rrh lz a l In fe c t io n  can ta k e  p lace#  Â review  o f  
ro o t ex u d a tio n  shows th a t  carbonaceous, n itro g e n o u s , 
phospho tldes and o th e r  p h y s io lo g ic a l ly  a c t iv e  sub­
s ta n c e s  a r e  exuded from ro o ts  In  t h e i r  I n i t i a l  growing 
phase (B ansteen -C runner 19221 W est, 19391 R ovlra ,
1956a ,  b ,  c ;  de S ilv a  and Wood, 1964 and Vanoura,
1964) o r  p redom inantly  from th e  ro o t t i p s  (P earson  and 
P ark in so n , 1961$ S ohro th  and H ild eb ran d , I 964)#
However, Vanoura and Hovadlk ( I 965 ) have shown th a t  th e r e  
a r e  p o s s ib le  changes In  th e  n a tu re  o f  ro o t ex c re tio n s  
d u rin g  th e  development o f  th e  p la n t#  R ovlra ( 1936a )  
su g g ested  th a t  a s  p la n ts  d ev e lo p , t r u e  ro o t e x c re tio n s  
a r e  p ro b ab ly  n o t a s  Im portant in  In f lu e n c in g  th e  rh lz o -  
sp h ere  p o p u la tio n  a s  i s  th e  c a s t  o f f  c e l l  m a te ria l#  
D e c o r tic a t io n  a ls o  causes le a k in g  ou t o f  m a te r ia ls  from 
th e  I n t e r i o r  o f  ro o ts#  Probably  th e  f u l ly  m ature 
p la n ts  a r e  a b le  to  e x c re te  th e  k in d  o r  k in d s o f  sub­
s ta n c e s  s p e c l f lo a l ly  re q u ire d  f o r  n y o o rrh lz a l develop­
ment and  sporophore production#  T his would ex p la in  
th e  n e g a tiv e  r e s u l t s  o b ta in ed  In  s y n th e tlo  m ycorrh lza l 
fo rm ation  o f  th e  sand-dune lU ngl w ith  th e  e l ^ t  months 
o ld  g rasses#
T ree m ycorrh lza l fu n g i develop  In  a  o h a z ^ c te r l s t lc  
manner betw een th e  c o r t i c a l  c e l l s  o f  th e  ro o ts  a f t e r  th e  
m iddle la m e llae  have decomposed# This su g g e s ts  th a t
127p e c tin s  a r e  r e a d i ly  u t i l i s e d  by th e  fUngi# M elin 
( 1948) in  h is  s tu d ie s  c f  t r e e  o y c c rrh iz a  showed th a t  th e  
lUngi w i l l  grow on p e c t ic  su b s ta n c e s . Prom v i s  c o s i -  
m e tric  d e te rm in a tio n s  i t  was found th a t
jgrammopodia and  E 1 were a b le  to  produce la rg e  q u a n ti­
t i e s  o f  e x t r a c e l lu la r  p e c t in o ly t ic  eniqrme id i i le  
P o a lta rre lU  m m o n h iia . ammnniiiiA and j j l  producod
only  n e g l ig ib le  q u a n t i t i e s .  N e v e rth e le s s , In  n a tu re
a l l  th e  sand-dune fUngl m l ^ t  be  p roducing  t h i s  enzyme 
which would be a  n e c e s s i ty  In  m y co rrh lsa l developm ent.
M elin ( 1922,  1948) p o in te d  ou t th a t  m yco rrh lza l 
fUngi on th e  whole make b e t t e r  u se  o f  o rg an ic  th an  
I n o r ^ n lc  n i tro g e n . Norkrans (1958) a l s o  re p o r te d  
th a t  members o f  Trloholcm aoeae — a  predom inantly  myoo- 
r r h l z a l  form ing group — were a b le  to  u t i l i z e  ammonium 
and o rg an ic  n l t r o g w  id i l le  n i t r a t e  n itro g e n  oould  no t be 
a s s im ila te d *  E xperim ental ev idence  has been brought 
forw ard th a t  a l l  excep t one o f  th e  h l ^ e r  sand-dune 
fu n g i u t i l i z e d  o r ^ n l c  n itro g e n  much b e t t e r  th a n  
ammonium o r  n i t r a t e  n i t r o g w .  Of th e  seven sou rces o f  
n itro g e n  su p p lie d  to  them (T ab le  3) th ey  u t i l i z e d  
a sp a ra g in e  and g ly c in e  b e s t .  P s a th v re l la  was
a b le  t c  a s s im i la te  ammonium n itro g e n  b e t t e r  th an  o rg in lo  
o r  n i t r a t e  n i tro g e n .
A l th o u ^  th e re  I s  much ev idence  to  su g g est th a t  th e  
h l ^ e r  sand-dune fh n g l a r e  cap ab le  o f  form ing m ycorrh lza , 
th e re  I s  s t i l l  no co n c lu s iv e  ev idence th a t  th e y  do.
They were un ab le  to  form e y n th e tlc  m ycorrh lza , bu t a s  has 
a lre a d y  been d isc u sse d  t h i s  m l ^ t  be a  r e s u l t  o f  
u n fav o u rab le  env ironm ental c o n d itio n s  In  th e  experim ents 
and I s  n o t co n v in c in g  p ro o f  o f  t h e i r  I n a b i l i t y  to  form 
such an  a s s o c ia t io n  w ith  th e  h ig h e r  p la n ts  in  n a tu re .
128
Perhaps u n d er th e  c o n d itio n s  o f  th e  experim en t, t h e i r  
n u t r i t i o n a l  req u irem en ts were s a t i s f i e d  and th e y  d id  
n o t need to  form an  in tim a te  r e la t io n s h ip  w ith  th e  
g ra s s e s . However, t h e i r  c o n s ta n t appearance among th e  
g ra sse s  in  th e  sand-dunes i s  s t ro n g  ev idence o f  en v iro n ­
m ental s p e c i f i c i t y .
On th e  o th e r  hand , i t  can he argued  t h a t  th ey  a r e  
sap rophy tes o r  xh izosphere  in h a b i t in g  fu n g i. T h e ir 
a b i l i t y  to  decompose c e l lu lo s e  and l lg ^ ln  i s  s tro n g  
ev idence o f  t h e i r  b e in g  sa p ro p h y te s , a l t h o u ^  L indeberg 
(1948) showed, th a t  Boletufl BnhtoBentoBOB and la o ta r in a  
d e l ic io s u s . b o th  n y co rrh laa  fo rm ers , g ive  s t r o n g  
o x id a tiv e  r e a c tio n s  on ta n n ic  and g a l l i c  a c id  a g i r s .
M elin ( 194B) a l s o  In fe r r e d  th a t  a lth o u g h  c e l lu lo s e  and 
l lg n ln  do n o t seem to  be u t i l i z e d  a s  s o le  oarbon so u rces 
by m y co rrh lza l fu n g i, th ey  can form c e l lu lo s e  s p l i t t i n g  
enzymes which enab le  them to  p ie r c e  th e  c e l l  w a lls  and 
Invade th e  c e l l s .  The I n a b i l i t y  o f  th e  sand-dune fUngi 
to  u t i l i z e  s traw  o f  E . a r e n a r lu s  In  f la s k s  does not 
e l im in a te  th e  p o s s i b i l i t y  o f  t h e i r  do ing  so  In  n a tu re .
C. dnnenslB and P a a th y ra l la  anm onhiia have f r u i t e d  u n d er 
c o n d itio n s  which a l s o  su g g est t h a t  th e y  a r e  sap rophy tes 
and th e  p resen ce  o f  hyphae o f  c -  AinAnaia. 
and P s a th v re l la  ^  th e  orown re g io n s  o f  o ld
ro o ts  o n ly  I s  a ls o  s t ro n g  ev idence o f  t h e i r  sa p ro p h y tic  
c a p a c i t ie s .
T h e ir  hyphae were a b le  to  e n te r  ro o ts  In  which th e r e  
was no obvious s ig n  o f  p rev io u s in f e c t io n  and th e  reaso n  
fo r  th e  low In fe c t io n  m l ^ t  be due to  environm ental 
c o n d itio n s  and no t to  t h e i r  I n a b i l i t y  to  I n fe c t  l iv in g  
t i s s u e s .  The l i t e r a t u r e  shows h ig h  c o r r e la t io n  
between p ro d u c tio n  o f  p e c t in o ly t ic  and c e l lu l o ly t l c
129ensqrnes and p a th o g e n ic ity  and e a p ro g e n lc lty  (H usain and 
R ich, 19581 Ihusaln and Dlmond, 1960$ W instead and 
McCombs, 1961$ B arker and W alker, 1962$ L eal and 
V illa n u e v a , 1962$ S p a ld in g s , 1963$ Keen and H orton 
( 1966)# T h e re fo re , th e  a b i l i t y  o f  th e  h l ^ e r  sand-dune 
fUngi to  produce e x t r a c e l lu la r  p e c t in o ly t ic  and c e llu ­
l o l y t l c  enzymes makes them p o te n t ia l  sap ro p h y tes a s  w e ll 
a s  p o te n t ia l  p a th o g en s. Root In h a b it in g  fu n g i a re  
r e s t r i c t e d  in  t h e i r  sa p ro p h y tic  phase because o f  th e  
co m p etitio n  o f  o th e r  s o i l  m lc ro -o rg m lsm s» The h l ^ e r  
sand -dune fh n g l grow vexy slow ly  in  c u l tu re  and i f  th ey  
behave s im i la r ly  In  n a tu re  th e y  trould be vexy poor 
sa p ro p h y tic  c o m p e tito rs .
T h e re fo re , s in c e  ( l )  th ey  a r e  su pp ressed  by sap ro ­
phy tes on a g a r  p la te s  $ ( l l )  th e y  do n o t grow th r o u ^  
u n s te r l l l z e d  s o i l  In  th e  absence o f  food b ase  ( th ey  have 
never appeared  on s o i l  d i lu t io n  p la te s  o r  any such 
I s o la t io n  te c h n iq u e ))  ( i l l )  th e y  a r e  cap ab le  o f  
I n fe c t in g  l iv in g  t i s s u e s  and ( i v )  t h e i r  d i s t r ib u t io n  in  
th e  s o i l  depends on th e  p resen ce  o f  h o s t p la n ts  and I s ,  
th e r e f o r e ,  lo c a l  ( th e y  occur on ly  In  sand -dunes w ith  th e  
o b l ig a te  sand-dune g x asses , A. a r e n a r l a . a re n a r lu s  and 
A. Jn n o e lfo x n e ) and s in c e  th e s e  a r e  th e  c h a r a c te r i s t i c s  
o f  G a r r e t t 's  ro o t in h a b i t in g  fu n g i ( G a r r e t t ,  1956), I t  
I s  su g g ested  th a t  some c f  them , i f  no t a l l ,  can be 
c l a s s i f i e d  w ith  t h i s  group o f  fu n g i and th a t  f u r th e r  
ex perim en ta l ev idence I s  necessaxy  b e fo re  th e y  can be 
c a l le d  m yco rrh lza l o r  p a r a s i t i c .
The w r i te r  r e g r e ts  th a t  sh e  has no t been a b le  to  g iv e  
more p r e c is e  answ ers t o  th e  n u t r i t i o n a l  r e la t io n s h ip  
between th e  h l ^ e r  fu n g i and th e s e  sand-dune g ra s s e s , b u t 
hopes she has paved th e  way f o r  f u r th e r  r e s e a rc h .
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6b Sunaary
The o b je c t o f  t h i s  work has been to  I n v e s t i ^ t o  
th e  n u t r i t i o n a l  s t a tu s  o f  th e  h ig h e r  lUngi on th e  san d -  
dune a t  T entsm uir, w ith  s p e c ia l  emphasis on m yoorrh iaal 
fo rm a tio n .
( i )  The h ig h e r  fu n g i com prised ( a )  Conooybif 
W allace; (b ) K elanoleuoa graramopodia. (P r ie s  ex B u llia rd )  
P a t .  [â  Trloholoma melalaaoam (P a rs ,  ex P r ie s )  Konmer^l 
(o )  P sa th a rre lla  « « .« n h n a  ( D ur. e t  L ev.) O rton ;
Q. Psilooarbe anm oahila (D or. e t  L ev.) O i l l e t J |
(d ) P ez lg a  aaraonhila (D ur. e t  Montagne) Cooke [m  Qeonyxis 
(D ur. e t  M ontagie) Cooke]. The g la s s e s  on th e  
fo re  dune were Anroox^iXa a r e n a r l a .  L ., Agropvron iu n o e i-  
JSSfiSftf and D. Love and Elynus a re n a r lu s  e L.
( l l )  The fu n g i were I s o la te d  on m alt e x t r a c t  a ^ r  u s in g  
g i l l s  o f  th e  A g ir lc s  and hymenium o f  th e  Dlacomycete 
(S e c tio n  2 ( b ) ( iv ) .
( i l l )  Two u n id e n t i f ie d  B asldlom ycetes (A1 and A2) have 
been I s o la te d  from ro o ts  c f  Ammophlla a r e n a r la  and one 
(E l)  from ro o ts  o f  Elvmns erenarium  (S eo tio n  2 ( b ) ( i i i ) .
A 1 and B 1 were su b je c te d  to  th e  same tre a tm e n ts  a s  th e  
known fu n g i .
( iv )  T h e ir  v ita m in  requ irem en ts have been In v e s tig a te d  
w ith  re g a rd  to  th ia m in e , b lo t  In  and p y rld o x ln e . A ll  
th e  fu n g i grew b e t t e r  when th iam in e  was added) b lo t  In  
a ls o  s t im u la te d  th e  growth o f  M. and P es lza
w hilo c -  à J L  needed p y rldox lne
a l s o  f o r  optimum growth (S e c tio n  4&)«
(v ) Ammonium n itro g e n  was a s s im ila te d  by P s a th v re l la  
ammophlla.  A ll th e  o th e rs  u t i l i s e d  o rg an ic  n itro g e n
131e e p e o ia lly  ae p a reg ln e  and ^ y o in e *  With th e  excep tion  
Of ^  P-Q gj^ anroophila th ey
grew v e ry  slow ly  on n i t r a t e  n i tro g e n  (T ab le  4 ) .
( v i )  Under th e  experim enta l c o n d i tio n s , SjuJtiMflEStili 
grannopodla and E l  produced la rg e  q u a n t i t i e s  o f  
e x t r a c e l lu la r  p e c t in o ly t ic  enzyme (p o s s ib ly  p o l y ^ l a c -  
tu ro n a se )  w h ile  th e  o th e rs  produced l i t t l e  o r  none a t  
a l l .
( v l i )  Ti^Bholoma nudum and Panaeolus sem i-ovatus known 
c e l lu lo s e  a t ta c k e r s  which were u sed  a s  t e s t  organism s 
decomposed carbosQ rm ethylcellu lose b u t n o t b a l lm ll le d  
c e l lu lo s e .  E 1 . A 1 and  C. d u n en s is  a l s o  decomposed 
oarboagrm ethylcellu lose b u t v e ry  s lo w ly . The o th e rs  d id  
no t produce o e l lu lo ly t io  enzymes in  v i t r o  (P la te s  3 0 - 4<^. 
( v l i i )  R s m tM a tk  C. d n n an s ie . M.
1_JL and ^ produced v a r ie d  q u a n t i t i e s  o f  polyphenol 
o x idase  on ta n n ic  and g a l l i c  a c id s  su g g e s tin g  t h e i r  
a b i l i t y  to  u t i l i z e  l ig n in  a s  a  oarbon so u rce  (P la te s  
43^48) #
( ix )  Spores o f  dun en sis  germ inated  r e a d i ly  in  ta p  
w ater) th o se  o f  P s a th v re l la  ammoohila on m odified  la n g e 's  
medium and Oxoid N u tr ie n t a ^ r  (Cm3)) th o se  o f  P eziza  
anraophila on m alt e x t r a c t  a g ^ r  b u t b e t t e r  on lA nge 's  
m odified  medium and th o se  o f  grammopodia f h i le d  to  
gezm inate u nder a l l  th e  co n d itio n s  g iven  (S e c tio n  4 e ) .
(x ) Pa»thyrol?jft prodnoed f r u i t  b o d ie s  in  p o ts
w ith  A. .junoeiforme o n ly . c .  f r u i t e d  re a d i ly
in  p o ts  w ith  and w ith o u t each o f  th e  g x asse s . A stu d y  
has been made o f  th e  p o s s ib le  e f f e c t s  o f  th e  g ra sse s  on 
th e  tim e and  frequency  o f  sporophore p ro d u c tio n  (S e o tio n  3 
( a ) ( i i ) ( a ) ) .
132( x l )  The e f f e o ts  o f  th e  fu n g i on th e  d ry  w e i ^ t  o f  
a e r i a l  p a r t s  o f  th e  p la n ts  were n o t o o n o lu s iv e ly  
dem onstrated  (S e o tio n  3 ( a ) ( i i ) ( h ) ) #
( x i i )  An a ttem p t was made to  e x p la in  n e ^ t i v e  r e s u l t s  
in  th e  fo n a a tio n  o f  s y n th e tic  myoorrhisga (S e c tio n  5 (a)
( i i ) ( o ) ) .
( x i i i )  Heat r e s i s t a n t  w ater s o lu b le  s tim u la n ts  were 
p re se n t in  e x t r a c ts  o f  th e  ro o ts  o f  a l l  th e  g ra s s e s .
That o f  km. junoeiform e s tim u la te d  th e  growth o f
S aJtom lfti ERWiMüA
and th e  i s o l a t e  from Elymus r o o ts .  That o f  è jiJ^S S Ê S à Ü &  
s tim u la te d  th e  growth o f  Km. gratamooodia and th e  i s o l a t e  
from ro o ts  o f  A ll  th e  fh n g i except
P eziza  anm oi^lf»  showed some s t im u la t io n  by th e  e x t ra c t  
o f  Blrmup r o o ts .
(x iv )  A stu d y  has been made o f  th e  p ro d u c tio n  o f  ro o t 
exudates and t h e i r  p o s s ib le  e f f e c t s  on th e  growth o f  th e  
fbngus i s o l a t e s .
(xv) A p re lim in a ry  su rvey  was made o f  th e  in c id en ce  o f  
in fe o t io n  o f  Aa Amoolfomio and  g .  a ren ariu B
by B asidiom ycetee in  th e  f i e l d  in  Kay and Septem ber.
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